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L A U N C H  V E H I C L E  G R O U N D  TRUTH EPHEMERAS 

W e  h a v e  c a r r i e d  o u t  t h e  d e v e l o p m e n t  s o f t w a r e  p a c k a g e s  f o r  

C o m p u t a t i o n  of o r b i t s  a n d  t r a j e c t o r i e s  i n  t h e  f o l l o w i n g  p rogramming  

l a n g u a g e s :  

APPLE BASIC 
MICROSOFT BASIC 
TRUE BASIC 

T h i s  r e p o r t  i s  o r g a n i z e d  as f o l l o w s :  

1. L i s t  of v a r i o u s  p r o g r a m s  

2 .  L i s t i n g s  of  t h e  c o d e s  of p r o g r a m s  

3. Sample  i n p u t  and o u t p u t s  of e a c h  p rogram.  

T h i s  p r o j e c t  i s  c o n c l u d e d  w i t h  t h e  s u b m i t t a l  of t h i s  r e p o r t .  
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LAUNCH VEHICLE GROUND TRUTH EPHEMERAS 

LIST OF PROGRAMS 

I. ORBIT RELATED PROGRAMS 

(Language used : TRUE BASIC) 

1. ERRAN-1/06 
2. ERRAN-I/4 
3. ORBIT-1/13 

(Language used: APPLE BASIC) 

1. SUNSYNC 2.OI&H 3. CIRCORB(5) 
4. PCS(9) 5. JULIAN 6. IOPI(8) 
7. DELTA(10) 8. AZ-0(6 )  9. PCS4.KORK 

10. ORBIT(7) 1 1. HELIO-COORD 12. PCS 
13. HPBASIC 14. 'SUN-ANG 15. TARK 

11. TRAJECTORIES UTILIZING RUNGE-KUTTA ANALYSIS 

(Language used: TRUE BASIC) 

1 .T-ELPTCAL PSET 
2. T-MATH.ELIP 
3.T-JD 1 .1  $S 

111. WORLD PICTURE 

(Language used: MICROSOFT BASIC) 

1. MPATH.ELIP ( input data include). 
2. PATHPICTURE (used video address) 
3. ELPTCALPEST 1.064 . r  



. 
10 
20 
21' OPTICXJ EWE 1 

REM SAMPLE ORBIT PROGRAM (TWJECIDNES UTILIZING RUNGE-KUTTA ANALYSIS) 
CIDSE #l!MAKE SURE AT.L FILES ARE CUED F" PFEVICUS RUN. 

22 
23 
24 

PUBLIC ~PI,RADl,PIl,PIOV;!,GZERO,RE,~,DJ,CAPLAT,CAPLNG,CAPHT, SI.JIT (5) ,SI 
PUBLIC SHT (5) PRINT1, XPFUNT, M, CFPS,B, FlO,AP,EBll'JE, TIQV, m, S m ,  E"I.OW 
PUBLIC THX, THY, THZ, THR,GTH,ATH,~,ACCEL,VEARTH,~,GCTOT,ATDOT,VI;OSS 

25 
27 PUBLIC ~RAG,MI"RST,I62,MNI"(12) ,I"$ (12) 

29 LET PIl=PI 
30 LET BunIM=32 
50 
51 
53 
54 LET W H ( 2 ) = 2 8  
56 
65 . LET K N D D ( l ) = O  
66 LET M3NDD(2)=31 
67 LET PCNDD(3)=59 
68 LET KNDD(4)=90 
69 LET PCNDD(5)=120 
70 LET MXDD (6) =151 
71 LET "DD(7)=181 
72 LET MXDD(8)=212 
73 LET MXDD(9)=243 
74 LET MXDD (10)=273 
75 LET MXDD (11)=304 
76 LET MXDD(12)=334 
77 LET W D  (13)=365 
78 LET LEN$ (1) ="JAN1' 
79 LET W$ (2) ="J?EB'' 
80 LET WDJY$ (3)="MAR" 
81 LET W$ (4)="APR" 
82 LET LLQV$ (5) 
83 LET W$ (6)="JUN1' 
84 LET LXN$ (7)=rrJUL'1 
85 LET W$ (8)="AUG" 
86 LET W$ (9) ="SEP" 
87 LET W$ (10)="ET1' 
88 LET l"$(ll)='W' 
89 LET W$ (12) ="DEC'' 
102 LET PIrn=PI1/2 
103 LET RAD1=57.2957795 
104 LET 'IWPI=2*PI1 

PUBLIC CNACH, QH,ATAKP,ATAKY,ATAK,Q,gA,DZ, ITHR, IUNIT, ITRK, I C R A S H , E W , m  

28 PUBLIC SIMPO(6) , W ( 6 )  ,SnrO(6) ,BUFFER(100,2) , B U F P T R , ~ ' T ' T , ~ G , B L J " L I M , ~  

DIM N ( 4 )  ,BE31 (4)  ,CC1(4) 
DIM ELM(6) ,STV(6) ,YY1(6) ,PIira(5) ,YFAR(6) ,AUX(8,6) ,DE;RY (6) ,DUM(56) 
LET KNI" (1) , W H  (3) ,ICNI" (5) ,Lvwx\ITH (7) , W H  (8) , W H  (10) , W H  (12) =31 

LET KNI" (4) , m H  (6) , W H  (9) , W H  (11) =30 



105 
106 
107 
108 
109 
110 
111 
112 
115 
120 
130 
140 
150 
160 
170 
180 
190. 
200 
210 
220 
230 
233 
234 
235 
236 
237 
240 
241 
2 42 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 

LET 
LET 
DEF 
DEF 
FOR 

BUFpTR,LATT=l 
LQNG=2 !BASIC CONSTANTS 
FNARCOS (X) =PIOV2-ATN (X/SQR (l-X*X) ) 
FNARSIN (X) = ATN (X/SQR (1-X*X) ) 
1=1 TO 6 

LET l X M ( I ) = O  
LET YY1 (I) =O 
LET YEAR(I)=O 
LET DERY ( I ) = O  

NEXT1 
FOR 1=1 TO 5 

NEXT1 
FOR 1=1 TO 8 

LET P W ( I ) = O  

FOR J=1 TO 6 

NEXTJ 
LET AUX(1, J ) = O  

N E X T 1  
FOR 1=1 TO 56 

N E X T 1  
LET DUM(1) =O 

REM 
LET 
LET 
LET 
LET 
LET 
m 
LET 
LET 
LET 
LET 
LET 
m 
LET 
LET 
LET 
LET 
LET 
m 
LET 
LET 
m 
U T  

THE FOLLLMING ARE PRESET VALUFS USED TO SPF;Em> THE EVALUATION OF THE I 

ITRK, 1624 
ICRAsH=l 
MSUN,M%33J,MXAGl 
M T H R S P O  
mBk5 
yEAR(1)=1974 
yEAR(2)=8 
YEAR(3)=15 
YEAR ( 4) =23 
YEXR(5)=0 
yEAR(6)=0 
ELM (1) =6526.32 
ELM(2) =o 
ELM(3) -4.148 
ELM(4)= 10.30655 
m(5) =o 
ELM (6) =116 
PRm(l)=o 
PFWT (2) 4 8  
PRMT (3) =20 
PRMI: (4) =2 

IINP,IuNIT=o 

t 



258 
259 

~ 260' 
270 
280 
295 
296 
297 
300 
310 
320 
330 
350 
352 
353 
360 
365 -. 
366 
369 
371 
375 
380 
381 
385 
386 
440 
441 
443 
444 
445 
446 
447 
448 
450 
451 
460 
461 
470 
472 
480 
490 
500 
503 
504 

€434 THIS ENDS THE REPWKS OF' THE PRESET. 
LET -6378.16 
LET W398601.2 
LET CAPLAP28.447 ! LATITUDE AT THE CAPE 
LET cApING=-80.565 ! WNGITUDE AT THE CAPE 
LET BUFFER (BUFPTR, LATT) =CAE'LAT 
LET BuFFER(BUE'PTR,IxxJG)=cApLNG !THIS IS THE LAUNCH SITE LEATION. 
LET CAPHP.02 
I;ET C"t=. 539956803 
LET CFpS=3280.839895 
LET lZPAP7.2921E-05 
LET GzERo=.00980665 
m I W  
PRINT 
PRINT "ENTER I I N P , O  FOR R,LAT,ENG,VEL,GAM,AZ,P"T OR 1 FOR EXDENTS A,E, 
PRINT llENTER IUNIT,O FOR KM, KGM,SEC; 1 FOR N,NI,E'PS:";IUNIT 
PRINT "ENTER ITFX,ENTER THE NUMBER OF TF"G STATICNS OR 0 FOR I' 

P m  NO TRACKING DATA GENERAATED:"; ITRK 
PRINT "ENTER ICRASH-VACUM INPACT PTI"IWT:";ICRASH 
PRINT llENTER I62,O FOR 1962 U.S.STD ATXISPHERE, 1 FOR DyNAMlC ATPDSPHERE:' 
PRINT llENTER MSUN,l TO INCLUDE PERTURBING FORCZ (YI'HJBWISE ENTERO:ll,NSUN 
PRINT llENTER M!IXN, 1 TO INCLUDE FORCE:", MXXN 
PRINT llENTER MDRAG, 1 TO INCLUDE E'ORCER:", PDRAG 
PRINT llEtfER MfHRST,l TO INCLUDE FORCE:",MTHRST 
PRINT "ENTER MXL, HIGHEST ORDER OF OBLATENESS INCLUDED:", MIBL 

REM PERIGEE ,MEAN AN34 I U N I P O  FOR KM,KM,SEC:=l FOR N,NI,FPS 
REM ITFUK=O FOR NO TRADKINTG DATA GE"A"ED:=NO.OF TRACKING STATIONS FOR WI 
REM IS To BE GENERATED. 
REPI ICRASH=l FOR IlXUUM aMpAcT PTIN'IWT 
REM I62=0 FOR 1962 U.S.STD ATM3SPHERE;=l FOR DYNAMIC ATFDSPHERE 
REM MSUN, m, MXAG, MTHRsF1 To INCLUDE EACH PERTURBING FORCX 
REM KIBL=HIGHEST ORDER OF OBLAT'ENESS INCLUDED 
PRINT "ENTER THE YEAR(1) 
PRINT "ENTER THE W H  (1-12) :'I, YEAR(2) 
PRINT "ENTER THE DAY (1-31) :", yEAR(3) 
PFUNT "ENTER THGE HOURS()-23) :'I, yEAR(4) a 

PFUNT "ENTER THE MINc3TES (0-59) : YEAR (5) 
PEUW "EXtER THE SECDNDS (0-59) : ", YEAR(6) 
REM CXLENDAR DATE OF START EPOCH 
PRINT "ENTER STATE VECroR OR ESEMENTS AT START EPOCH" 
PRINT USING llENTER FIRST ITEM=####.####:ll:E(l) 
PRINT USING "m THE s m  IW#.###":  ELM(2) 
PRINT USING llENTER THIRD ITEM=##.####": ELM(3) 

FEM I=-0 FOR R,LAT,ENG,VEL,W,AZ PRINT;=l FOR E S m S  A,E,I,NODE,ARG 

\ 

. .  



510 P " T  USING llENIER FWRTH IW#.####":EIM(4) 
, 512 PRINT USING "ENTER FIFTH I~###.####11:E~(5) 
514' PRINT USING rrENTER SIXTH ITEM-###.####":EIM(6) 
520 
521 REPI PW(l)=START TIME, HRS(N0RMAL;LY 0.0) 

523 REM PRMT(3)= INITIAL STEP SIZE MIN 
524 REM PRPII'(4)= UPPER ERROR BcxlM> 
525 CLEAR 
528 PFU" 
529 PRINT "PFMIl(1) =START TINMEM HRS (NORMALLY 0 . 0) 
530 PRINT "PRMT(2)=END TIMF,,HRS' 
531 PRINT "PRMT(3)= INITIAL STEP SIZE, MI"' 
532 PRINT "PRMT (4) =UPPER EBROR ml' 
540 FOR 1=1 TO 4 
545 
546- PRINT 

REM STATE VECTOR OR ELEMENTS AT START EPOCH 

. 522 REM PRMT(2)=END TIME, HRS 

PRINT TAB(1,l) ,"ENTER PFMT";I;TAB(1,14) , r r : r r ;  PM(1) 

550 
555 
556 
557 
560 
570 
575 
630 
640 
650 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 

N M T I  
REM PRINTl=PRINTl STEP, MIN(IF PRINTl=O. EVERY INTEGSTEP IS PRINTED.) 
REM PRINT" PRINTl", PRINT1 
LET PRINTl=O 
FOR 1=1 TO 6 

NEXT1 
REM DERY(I)= ERROR IS FOR YYl(I), T0TALI;INGl.O 

LET D H J  
IF ( I I N P > O )  THEN Gcrro 770 ! THE LINE NUMBER 770 S H O  EXACTLY (XIRRECT 

IF (IUNIPO) THEN GOTO 710 ! THE LINE NUMBER 710 SHCULD EXACTLY CORRECT 
LET ELIvI(l)=ELM(l) /CNMI 
LET ELM(4)= ELM(4)/CE'PS 
FOR 1=1 TO 6 

NEXT1 
CALL RTOXYZ (S'I'VO ,=I. 0 ,W) 
CX'LLJ mELMw10 ,WO ) 
GOTO 800 1 -  

IF ( I U N I P l )  THEN LET ELM(l )=W( l ) /CIMvI I  

CALL RToxyz ( S T W  ,w10 

LET DEBY (I) =. 16666666667 

GJDATE (w=o, 0) 

LET STV(I)=ELM(I) 

- R ( u o  Ism0 ,m 
LET P M  (1) =PRMT (1) *3600 
LET P M  (2) = P M  (2) *3600 
LET PRMT (3) =PRMc (3) *60 
LET PRINTl=PRINT1*60 



850 
851 
853 
854 
855' 
856 
857 
858 
859 
8 60 
8 61 
862 

~ 863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
874 
875 
87 6 
811 
87 8 
880 
882 
884 
885 
886 
887 
888 
890 
896 
897 
898 
899 
900 
902 
910 

IF (ITFX=O) THEN GOTO 858 
FQR 1=1 To ITRK 
PRINT %"ER DATA FOR TRACKING STATI0N";I 
PRINT llLATITUDE:ll;SLAT (I) 
PRINT llLXXJGITUDE:ll; SLxxJG(1) 
PRINT llKEIGHT:ll; SHT (I) !I.CCATIQNS OF TRACKING STATIONS 

NEXT1 
IF (MDBAG=l) THEN 
PRINT %"IER B (BALZIISTIC COEFFICIENT) : lr,B 
PRINT "ENTER F10 : 'I, F10 
PRINT "ENTERT AP:", Ap 

END IF 
IF (IUNIP1) THEN LET B=B*6.365880383-09 
REM BBALZIISTIC COEFFICIENT, CA/2M (KM,KG) 
IF (MTHRST=O) THEN COT0 884 
PRINT "ENTER IGNITIOfl TIME (IIN HCURS) : 
PRINT llm BURNCUT TIME (IN HOURS) :'I, TBO 
PRINT llENTER INITIAL WEIGHT:", STWT 
PRINT llENTER PTOPELLANT WEIGHT: ",WP 
LET T"B0*3600 
LET TIGN=TIGN*3600 
REM TVO, TIGN PRINT I N  HEG 
PRI" "E"ER THRUST (LB.) : I r ,  THR 
PRINT llENTER THRUST ELEYATIQN:ll,GTH 
PRINT llENTER THRUST (BLDY ) AZIWTH AT IGNITIa : l l ,  ATH 
REPI TI- IGNITION TIME, ~B~ TIME, STwLf= INITUG WEITGHT (LB) 
RGM REM WP= PROPELL" WEIGHT (LB) , T M H E W S T  (LB) , GTH4XRUST ELECVATION 
REM AT IGNITIION, ATH=THRUST(DY) AZIMUTH AT IGNITION 
LET FIxxrJ-wp/(TBo-TIGN) 
LET NDW6 
OPEN #l:ScREEN 0,1,0,1 

TIGN 

PRINT #1: "TRAJECTORY USING RUNGE-KUTTA ANALYSIS" 
PRINT #l:llSTART EPOCH" 
cAL;L OATE(DJ) 
IF (IINP=O) THEN PRINT #1: "PRINT STATE V'EClDF?' 
PRINT #I, USING "TSFIUD= ####.###I1: STV(1) 
PRINT #1, USING "LATITUDE+ ##.###I1: STV(2) 

PRINT #I, USING 'WITY= ##.####":STV(4) 
PRINT #1, USING "FLTPATH= #.##":STV(5) 
PRINT #I, USING "AZIW'I"= ###.####'I: STV(6) 

PRINT #1, USING " W I T U D E T  ###.####I1: STV(3) 

IF (I*-1) THEN PRINT #1 :"PFUNT ORBIT ELEMENTS" 



942 .' 
950 
955 
960 
965 
97 0 
972 
97 4 
97 6 
97 8 
980 
985 
986 
990 
995 0 350 
999 
1010 
1011 
1012 
1013 
1030 
104C 
1050 
1060 
1070 
1071 
1072 

, 

I 

END 
SUB ANGLE (SINX, COSX, X) 
REM SOLVE FOR 
DECL?GE PUBLIC PIl ,PIOV2 
DEF F'NAFCOS (X) =PIOW-ATN (X/SQR (l-X*X) ) 
LET TEST =.96 
IF ((ABS(SINX)-TEST)<O) THEN Gcvro 1070 
IF ((ABS(SINX)-TEST)=O) THEN Gcrro 1070 
IF ((ABS (SINX)-TEST)>O) THEN Gcyro 1090 
IF COSX<O THEN LET X=ATN (SINX/COSX) +PI1 ! MAIN TAINS PROPER WM ORIm 
IF (COSD=O) AND (SINX<O) THEN LET X=ATN (SINX/cOSX) + W P I  
IF (COSx>=O) AND (S-0) THEN LET X=ATN(SINX/COSX) 

GIVEN SINE AND COSINE 

* 

1080 EXIT SUB 



1090 LIE9 x=FNARms(msx) 
llO’o,IF (SINX<O) THEN COT0 1130 
1110 IF (SINX=O) THEN COT0 1130 
1120 IF (S-0) THEN COT0 1140 
1130 LET X=2*PIl-X 
1140 END SUB 

2011 DECLARE PUBLIC PI1,PIm 
2012 DEF FNARLXS (X) =PIW-ATN (X/SQR (l-X*X) 
2030 LET ASI”x=ABs(SI”x) 
2040 LET X=LM; (ASINHX+SQR (ASINHX*ASINHX+1) ) 
2050 IF (SI”X<O) THEN 0 2060 
2052 IF (SINHX=O) THEN Ccvro 2130 
2054 IF (S-0) THEN 0 2130 
2060 IF (COSHX<O) THEN 0 2090 
2070 IF (cw>SHX=O) THEN Ccvro 2110 
2080 IF ( C C X E W O )  THEN 0 2110 
2090 LET X=X-P11 
2100 EXIT SUB 
2110 LET X-X 
2120 EXIT SUB 
2130 IF (cK)SHX<O) THEN LET X=PIl-X 

2010 SUB A”(sI”x,msHx,x) 

. 
2140 END SUB 
3010 SUB ATAKAN(STV() ,GTH, ATH,ATAK,ATAKP,ATAKY) 
3020 REM ATAf(AN cYUCUA=LATES THE TcrrAL ANGLE OF ATTACK(BETWJiEN THE THRUST OR EX 
3030 REM AND THE llEX.CCITY VECTOR), THE PITCH ANGLE OF ATTACK ATAKP (BODY AZIMUTE 
3040 REM AZD“TH)Gm THE STATE VECTOR 
3060 REM STV(R,LSAT,LQNG,V,GAM,AZ),BOKY E;EVATION GTH AND BODY AZIWTH ATH 
3061 DECLARE PUBLIC RADl,PIOV2 
3062 DEF FNXRCOS (X) =PIOVZ-ATN (X/sQp (l-X*X) ) 
3080 LET ATAKP=GTH-STV(5) 
3090 LET ATAKY=ATH-STV (6) 
3110 LET CCV=(x>S (SW (5) /RAD1) 
3120 LET xv=cCV*SIN (STV (6) /RAD1) 
3130 LET YV=CCV*COS (STV (6) /RADl) 
3140 LET ZV=SIN (STV (5) /RAD1) 
3150 LET EIXDS(GTH/RADl) 
3160 LET X ” * S I N  (ATH/RADl) 
3170 LET Y“T*COS(ATH/RADl) 
3180 LET Z’III-SIN (GTH/RADl) 
3190 LET ATAK=FNXROS (XV*XT+YV*YTtZV*ZT) *RAD1 

5. 

3200 END SUB 
3510 SUB l3DYPRT (X,Y, Z,DJ, XDD,YDD, ZDD,NPRT) 
3520 REM C@T”ES PERTURBING ACCELERATIONS XDD,YDD,ZDD DUE TO SUN(MI?RT=l) OR PX 



353.0 
3550. REPI DATA WS=1.32712499D11, CNUM=4902.78 

NPR-2) GIVEN X,Y, Z AND dlJLEPN DATE D J  NEEDS SUBROUTINES SUNMES AND LI 

3555 LET CMJS=1.3271224993+11 
3556 LET CMJW4902.78 
3560 IF  (NPRT-1) THEN C7XC.L SUNMET-I(DJ,XX,YY,ZZ) 
3570 I F  (JAPR-2) THEN CALLI LUNEPH(DJ,XX,YY,ZZ) 
3580 LET RR2=XX*XX+YY*YY+ZZ*ZZ 
3590 LET " lR2*SQR(RR2)  
3600 LET xP=X-XX 
3610 
3620 
3630 
3640 
3650 
3660 
3670 
3680 
3690 
3700 
4010 
4031 
4032 
4060 
4065 
4070 
4071 
4072 
4073 
4090 
4100 
4101 
4110 

DECLJW3 PUBLIC TKIPI,RADl,PIl 
DIM AAl(4)  ,BB1(4) ,E1 (4) 
FOR 1=1 TO NDIM 

NEXT1 
LET X = P m  (1) 
LET XEND=PM(2) 
LET H=PW (3) 
LET P W ( 5 ) = 0  

LET TEMPA=H*()(END-X) 
IF  (TEMPA<O) THEN GOTO 5410 

LET AUX (8, I) =6 . 666666666666667E-2*DERY (I) 

CALL FCT (X,m 0 ,DERYO ) 

4120 I F  (TEMPA=O) THEN GOTO 5390 
4130 IF (TEWAX)) TJBN 0 4140 
4140 LET AAz(1)=.5 
4141 LET AAl(2) =.2928932188134525 
4150 LET AAl(3) =1.707106781186547 
4151 LET M ( 4 )  =.1666666666666667 
4160 LET BB1(1)=2 
4161 LET BB1(2)=1 
4162 LET BB1(3)=1 
4163 LET BB1(4)=2 
4170 LET cC1(1)=.5 
4171 LET E1 (2) =.2928932188134525 



4172 LE" CCl(3) =1 .707106781186547t 
4133 U T  CC1(4)=.5 
4190 FOR 1=1 TO NDIM 
4200 LET M(1, I)=YYl (I) 
4210 
4220 LET AUX (3, I)=o 
4230 LM: AUX(6,1)=0 
4240 NEXT I 
4250 IFEC=O 
4251 LET H=HtH 
4252 LET IHLF-1 
4253 LET IS- 
4260 LET IEND=O 
4270 LET W % ( X + H - X E N D )  *H 
4280 IF (TENPA<O) THEN Gcyro 4330 
4290 IF (T"A=O) THEN Gcyro 4320 
4300 IF ( W A X ) )  THEN 4310 
4310 LET H=XEND-X 
4320 LET 1-1 

4340 IF (PW(5)<0) THEN EXIT SUB 
4350 IF' (PRMT(S)=O) THEN GOIO 4365 . 
4360 IF (PRMT(5)>0) THEN EXIT SUB 
4365 LET ITEST4 
4370 LET ISTEP=ISTEl?+l 
4380 LET J=l 
4390 LET AJ=M (J) 
4391 LET BJ=BBl (J) 
4392 LET CJ=CC1 (J) 
4400 FOR 1=1 TO NDIM 
4421 LET Rl=H*DERY(I) 
4422 
4430 
4440 LET FQ=FQ+FQ+Z 
4450 
4460 NMT I 
4470 LET TEME'Ad-4 
4480 IF (TEMPA<O) TEEN 4510 
4490 IF (TEWA=O) THEN 4590 
4500 IF (TEMPDO) THEN 4590 
4510 LET Jd+1 
4520 LET TEPlPEhJ-3 
4530 IF (TEMPB<O) THEN Gcrro 4560 
4540 IF (TEMPB=O) THEN GOTO 4570 

LET AUX (2, I) *ERY (I) 

4330 CATL c u T p ( X , Y Y l O , D ~ Y O , I ~ , ~ ~ , P ~ O )  

LET R2=AJ* (Rl-BJ*AUX (6, I) ) 
LET YYl  (I) =YY1 (I) tR2 

LET AUX (6, I) =AUX (6, I) +FQ-CJ*FU 



i 4550 IF'(TEMPB>O) THEN 0 4560 
4560. LET X=Xt.S*H 
4570 CALI; FCT (X,YYl() ,DERY 0 1 

4590 IF (ITEST<O) THEN GOTO 4620 
4600 IF (ITES'PO) THEN Ccyro 4620 
4610 IF (ITEST>O) THEN cor0 4740 I 

4620 FOR 1=1 TO NDIM 
4621 
4622 NEXT I 
4630 LET ITEs%l 

4650 LET IHLF=IHLJ?tl 
4660 LET X=X-H 
4670 LM: H=.5*H 
4680 FOR 1=1 TO NDIM 
4690 LET YYl(I)=AUX(l,I) 
4700 
4710 LET AUX(G,I)=AUX(3,1) 
4720 NEXT' I 
4730 Gcrro 4370 
4740 LET I" (ISTEp/2) *INT (ISTEp/2) 
4750 LET TEMPA=ISTEP-m-m 
4760 IF (TEMPA<O) THEN GOTO 4790 
4770 IF (TEMPA=O) THEN GOTO 4850 
4780 IF (TEMPmO) THEN Ccyro 4790 
4790 CALL F'CT (X,YYl()  ,DERY () ) 
4800 FOR 1=1 TO NDIM 
4810 
4820 
4830 NEXT I 
4840 GOT0 4370 
4850 LET D E L M  
4860 FOR 1=1 TO NDIM 
4863 LET DELT-DELTtAUX(8,I) *ABS(AUX(4,I)-YYl(I)) 
4867 NEXT I 
4870 LET TEMEWECLT-PM (4) 
4880 IF ( W B < O )  THEN COT0 4990 
4890 IF (TEMpB=O) THEN GOTO 4990 
4900 IF (TEMPB>O) THEN GOTO 4910 
4910 LET TEMPA=IHLF-lO 
4920 IF (TEMPA<O) THEN GOTO 4950 
4930 IF (TEMPA>=O) THEN Ccyro 5360 
4950 FOR 1=1 TO NDIM 

, 4580 GOTO 4390 

LET AUX (4, I) =YY1 (I) 

4640 LET IS--ISTEptISTEp-2 

LET DERY (I) =Am (2, I) 

LET AUX (5, I) =YY1 (I) 
LET AUX (7, I) =DERY (I) 

\ 



507 0 
5080 
5090 
5100 
5110 
5120 
5130 
5140 

4953 &T AUX (4, I) =AUX (5,I) 

4960 LET ISTEP=ISTEP+ISTEP-4 
4970 LET X=X-H 
4971 LET 1E"l 
4980 0 4650 
4990 CALL FCT(X,WlO ,DERYo)  
5000 FOR 1=1 To NDIM 
5010 LET AUX(l , I )= W l ( I )  
5020 LET AUX (2, I) =DERY (1) 

5040 LET YY1 (I) =AUX (5, I) 
5050 LET DERY (I) =AUX (7, I) 
5060 "I' I 

4957,NExT I 

5030 LET AUX (3, I)=AUX (6,I)  

CAL;L cyl~p ( (x-H) , w1 (1 ,DERY 0, IKLF,NDIM,PRMT 0 ) 
IF ( P W ( 5 ) < 0 )  THEN EXIT SUB 
IF ( P W ( 5 ) = 0 )  THEN GOTO 5110 
IF ( P W ( 5 ) > 0 )  THEN EXIT SUB 
FOR 1=1 To NDIM 

LET Y Y l ( I ) = A U X ( l , I )  
LET DERY (I) =AUX (2, I) 

NEXT1 
5150 LET IRE(3=IHLF 
5160 I F  (IEMXO) THEN Orro 5190 
5170 I F  (I-) THEN 0 5190 
5180 IF  (IEND>O) THEN 0 5420 
5190 LEI' 
5200 LET 
5201 LEI  
5210 
5220 
5230 
5240 
5250 
52 60 
5270 
5280 
52 90 
5300 
5310 
5330 
5340 
5341 
5350 

IF 
IF 
IF  

1 

I 

IWIHLF-1 
ISTEP=sGN (ISTEP/2) *INT (ISTEP/2) 
H=H+H 
(IHLF<O) THEN m 4270 
(IHLF=O) THEN COT0 5240 
(IHLF>O) THEN Orro 5240 

LET 'lICD=SGN (ISTEP/2) *I" (ISTEP/2) 
LET T E M P A = I S T E P - m D  
IF  (TEMPA<O) THEN GOTO 4270 
IF  (-A)* THEN Gcrro 5290 
IF  (TEMPA)>O THEN m 4270 
LET TEM?E+DELT-.02*PRMT (4) 
IF (TEM?B<=O) THEN GOTO 5330 
IF  (TEM?B>O) THEN GOTO 4270 
LE2 IHLF=IHLF-l 
LET I S P S G N  (ISTEP/2) *IN" (ISTEP/2) 
LET H=H+H 
0 4270 

i. 



5360 

5380 
5390 
5400 
5410 
5420 
5430 
6005 
6010 
6021 
6030 
6031 
6032 
6033 
6034 
6035 
6036 
6051 
6070 

537Q 

DEF FNARSIN (X) = ATN (X/m (I-X*X) ) 
LET C W C H 4  
LET S€W=SQR(YYl(l) *YY1(1) +YYl(2) *YY1(2) +YY1(3) *YY1(3) ) 

6080 LET S L A = F "  (YYl(3) /SRAD) *RAD1 
6090 IF  YYl(1) <O THEN LET RA=ATN(W1(2) /YY1(1) ) +PI1 
6091 IF YYl(1) >=O AND YYl(2)<0 THEN LET RA=ATN(YY1(2) /YY1 (1) ) + W P I  
6092 IF YYl(1) >-O AND YYl(2) >=O THEN LET RA=ATN(YY1(2) /YY1(1) ) 
6100 CALL r x x J G R A ( R A , m , D J )  
6110 
6120 
6130 
6140 
6150 
6160 
6170 
6180 
6190 
6200 
6210 
6220 
6230 
6240 
6250 
7005 
7010 
7020 

LET S W W * R A D l  
CALL D M  (SRAD, SLA, SEN, DJ, F10, Ap, D, 162) 
LET M * l E + 0 9  
LET VEX=YY1(4) +ERATE*YY1(2) 
LET vEy=YY1(5) -ERATE*YYl(l) 
LET VEARTH=SQR (vM*vM+vEy*WY+YYl(6) *YY1(6) ) 
LET CC-B*D*VEARTH 

IF  (VS<.OOl) THEN Gcyro 6210 
LET CMACH=VEARTH/VS 
LET Q=D*V!iZARTH*VEARTH*10442.683 
LET XDD=CC*vM 
LET YDD=CC*VEY I 

LET ZDLXC*YY1(6) 
ENDSUB 

CALLI VSOUND (SRAD, SLA,VS) 

i 

SUB DRAI;E (R,GEOC,D) 
REM DENSITY OYTPUT I N  KG/METER3;TABLE NORMALIZED TO DENSITY AT 0 AL 

7030 LET DENS (1)=1 



7031 LET DENS (2) =. 60117 
7032 LET DENS (3) =. 33756 
7033 LET DENS (4) =. 15898 
7034 LET DENS (5)=.072579 
7040 LET DENS (6)=.032722 
7041 LET DENS (7) =.015029 
7042 LET DENS (8) =.0069089 
7043 LET DENS(9)=.0032618 
7044 LET DENS (10)=.0016051 
7050 LET DENS (11) =8 . 382731-04 
7051 LET DENS (12)=4.57763-04 
7052 LET DENS (13) =2.49733-04 
7053 LET DENS (14) =1 . 36043-04 
7054 LET DENS (15)=7.14573-05 
7060 LET DENS (16) ~3.5383-05 
7061 LET DENS (17) =1 . 63231-05 
7062- LET DENS (18)=6.49431-06 
7063 LET DENS(19)=2.5883-06 
7064 LET DENS (20) =9.8859 
7070 E T  DENS (21)=4.06E-07 
7071 LET DENS (22)=1.7283-07 
7072 LET DENS (23) =.00000008024 
7073 LET DENS (24) =. 00000003774 
7074 LET DENS (25) =. 00000001988 
7075 LET DENS (26) =.00000001041 
7076 LET DENS (27)=.000000006195 
7077 LET DENS (28) =. 000000004017 
7078 LET DENS (29) =. 00000000277 
.7079 LET DENS (30)=.000000002001 
7080 LET DENS (31) =.000000001498 
7081 LET DENS (32)=.000000001181 
7082 LET DENS (33) =.0000000009459 
7083 LET DENS (34) =. 0000000007845 
7084 LET DENS (35) =. 000000000656 
7085 LET DENS (36) =. 0000000005588 
7086 LET DENS (37)=.0000000004782 
7087 LET DENS (38) =4.11lE-8 
7088 LET DENS (39) =. 0000000003548 
7089 LET DENS (40) =. 0000000003069 
7090 LET DENS (41)=.0000000002708 
7091 LET DENS (42) =. 0000000002375 
7092 LET DENS (43) =. 0000000002088 
7093 LET DENS (44)=.000000000184 
7094 LET DENS (45) =. 0000000001625 

i 



7095 LET DENS (46) =. 0000000001439 
7096. LET DENS (47)=.0000000001277 
7097 LET DENS (48) =. 0000000001138 
7098 LET DENS (49) =.0000000001017 
7099 LET DECNS(50)=9.091999999993-11 
7100 LET DENS (51) =.00000000008145 
7101 LET DENS (52)=.00000000007308 
7102 LET DENS (53)=.00000000006566 
7103 LET DENS (54)=.00000000005908 
7104 LET DENS (55)=.00000000005323 
7105 LET DENS (56)=.00000000004802 
7106 LET DENS (57) =. 0000004339 
7107 LET DENS (58) =. 00000000003925 
7108 LET DENS (59)=.00000000003554 
7109 LET DENS (60)=.00000000002926 
7110 LET DENS (61) =. 00000000002429 
7111 LET DENS (62) =. 00000000002024 
7112 LET DENS (63)=.00000000001692 
7113 LET DENS (64)=.00000000001420 
7114 LET DENS (65) =. 00000000001196 
7115 LET DENS (66) =. 00000000001010 
7116 LET DENS(67)= 8.5613-2 
7117 E T  DENS (68)=.000000000007277 
7118 LET DENS (69) =. 000000000006204 
7119 LET DENS (70) =.000000000005305 
7120 LET DENS (71)=.000000000004562 
7121 LET DENS(72)=.000000000003932 
7122 LET DENS (73) =. 000000000003396 
7123 LE=T DENS (74) =. 000000000002939 
7124 LET DENS (75) =.000000000002549 
7125 LET DENS (76)=.000000000002215 
7126 LET DENS (77) =. 000000000001920 
7127 LET DENS (78) =,000000000001682 
7128 LET DENS (79)=.000000000001470 
7129 LET DENS(80)=.000000000001287 
7130 U T  DENS (81) =.000000000001133 
7131 LET DENS(82)=9.9833-13 
7132 LET DENS(83)=.0000000000008808 
7133 LET DENS(84)=.0000000000007781 
7134 LET DENS (85) =. 0000000000006881 
7135 LM: DENS(86)=.0000000000006093 
7136 LE2 DENS (87) =. 0000000000005401 
7137 LEZ DENS(88)=.0000000000004793 
7138 LET DENS(89)=.0000000000004258 

i 



7139 LZ$ DENS (90) =.0000000000003797 
7140. LFT DENS (91) =.0000000000003380 
7141 LET DENS(92)=.0000000000003018 
7142 LEI DENS(93)=.0000000000002697 
7143 LG7: DENS (94)=.0000000000002412 
7144 LET DENS (95) =. 0000000000002159 
7145 LET DENS (96) =. 0000000000001934 
7146 LET DENS (97) =. 0000000000001734 
7147 LET DENS(98)=.0000000000001556 
7148 LET DENS(99)=.0000000000001397 
7150 LET DENS(100)=.0000000000001255 
7200 LET D2F5 
7210 CALL GEODHT (R, GrEoc, Z, GEKD, 0) 
7220 IF (Z>=700) THEN COT0 7310 
7230 IF (Z*2900) THEN LET DZ=lO 
7240 Ll3T ZMZL=MB(Z,DZ) 
7250 LET W;=Z-ZMZL 
7260 .LEI' IL=SGN(ZL/DZ) *IN" (ZL/DZ) +1 
7270 IF (Z>E2900) THEN LET IL=IL+29 
7272 IF IL>ClOO THEN 7300 
7280 LET I)=ZMZL/DZ* (DENS (IL+1) -DENS (IL) ) +DENS (IL) 
7290 LET D=D*1.225 
7300 MXT SUE3 
7310 LET B O  
7320 END SUB 
8010 SUB m H T  (R, GEOC, H, m, IAC) 
8020 REM THIS SUBROUTINE DETERMTNES GEKDETIC ALTITUDE AND DEODETIC 
8030 REPI LATITUDE GAEN GEKENEUC RADIUS AND LATITUDE 
8031 DECLARE PUBLIC RAD1 
8040 LET ITEXHI 
8060 LET A=6378.16 
8070 LET e6356.77472 
8080 LET ES=l-B*B/A/A 
8090 LET C'-A*ES/B 
8100 RFM PRINT IS GEOZENTRIC RADIUS R AND LATITUDE GEDZ. FOR IAC=O, (ZUCULATIQ 
8110 REPI GECD, THE GlZBETIC LATITUDE, AND H, GEODETIC KEIGHT IS APPTOXIMATE CU 
8120 REM IAC=1 SOLUTICN IS BY ITERATICN UNIIL COpREcTICN IS LESS THAN ER. 
8121 DEF F " ( X ) =  ATN(X/SQR(l-X*X)) 
8140 LEX'ER=.0000002 
8150 LET GiXXX=/RADl 

8170 IF ( IAOO)  TIEN GOTO 8220 
8180 LET SS=SIN(2*GEXR) 
8190 LET CCc=cy)S(2*'GEocR) 

8160 IF (QXX+O) THEN GOTO 8330 



8230 LET SIG=SIN(m) 
8240 LET GEDJN=GEiK+FNARSIN (C*SIG*CX>S (m) /SQR(l-ES*SIG*SIG) ) 
8250 LET DELT = A B S ( G € X l l N m )  
8260 LET ITER=ITER+l 
8270 IF ITEW50 THEN Gcyro 8300 
8280 LET -N 
8290 IF (DELT>ER) THEN GOTO 8230 
8300 LET SIGSIN(GE0D) 
8310 LET H=R*SIN (GEOCR) /SICA* (1-ES) /SQR (1-ES*SIG*SIG) 
8320 EXIT SUB 
8330 LEX GECMl 
8340 LET H=R-A 
8350 END SUB 
8510 SUB GR?WGE (STV(), CLAT, m, RANGE) 
8520 FEM THIS SuBRoUTINE CXLCULATES THE F4XNG.E IN KM M AN INTYU; PON- 
8530 REM (LATITUD-, LCNGITUDE=CLDNG,DEGR~S) GIVEN STATE VECTOR SW, GROI 
8540 REM FWGE IS DEFINED AS GREAT C1RCI;E DISTANCE(<=180 DEG) OVER A SPHERE OF 
8670 DECLARE PUBLIC RADl,PIOV2 
8671 DEF ETRW3S (X)=PIOV2-ATN(X/sQp(1-X*X) ) 

8720 END SUB 
9010 SUB KEPEON (AM, E, EC, WAIL) 
9025 LET J,WAIL=O 
9040 IF E>-l THEN 0 9170 
9050 LET L=l 
9060 LET D A M  
9070 LET SE=SIN(EC) 
9080 IET CBCOS(EC) 
9090 IF (LOl) THEN 9160 
9100 LET DAM=EC-E*SE-AM 

9120 LET EC=EC-DAM/ (l-E*CE) 
9130 LEX J=J+l 
9140 IF (J<=20) THEN Gcrro 9070 
9150 LET WAIL-1 
9160 EXIT SUB 
9170 LET P A M  
9180 LET EF=EXP(F) 

9110 IF (ABs(DAM)<=.000004) THEN TXT Li=2 
9 ,  



9190 
9200 
9210 
9220 
9230 
9240 
9250 
92 60 
9270 
9280 
92 90 
9510 
9520 
9530 
9531 
9550 
9560 
9570 
9589 
9590 
9600 
9610 

LET SHF= (EF-l/EF) /2 
LET CHF= (EF+l/EF) / 2  
LET AW+E*SHF-F 
LET DEL'I+APM-AM 
IF (ABS (DELT) <=.0000004) THEN MIT SUB 
LET F=F-DELT/ (E*CHF-1) 
IF (-20) THEN 9280 
LET J4+1 
COT0 9070 
LET KF'AIL==l 
ENDSUB 
SUB lXNGE?A (RA, U G ,  DJ) 
REPI THIS FXXJTlN3 CCWUTES TEE QNIGITUDE OF A POINT WITH FUGHR 
REM ASCENSION RA AT TIME D J  J" DAYS(TRUE OF DATE m X )  
DECLARE PUBLIC TWPI 
LET DJX=DJ-2400000.5 
LET RAGR=1.722186613+.0172027913* (DJX-36933) +TWPI* (DJX-SGN (DJX) *INT (DJX) 
LETRAQWCD (FWR,WPI) 
LET ALONGRA-RAGR 
LET PlM-TWPI/2 

TWPI IF ( A E N W I M )  THENLET- 
ENDSUB 

- 

10010 SUB OBL (X,Y, Z,XDD,YDD, ZDD,NTERM) 
10020 REM CALCULATES THE ACCELERATIONS XDD,YDD, ZDD,DUE TO DELATENESS (TEWIS UP ! 
10030 REM INCLUDING F (NTERM) , MAX OF 5) GIVEN RECTANGULAR COORDINATES X,? 
10050 REM DATA 390601.2DO,6378.16DO, 1.0827D-3,-2.546D-6,-lO 649D-6,-.2lD-6 
10052 LET CMJ==398601.2 
10053 LET RE-6378.16 
10054 LET CJ2=.0010827 
10057 LET CJ3=-2.546E-06 
10058 LET (34.;-1.6493-06 
10059 LET CJ5=-2.1E-O7 
10060 LET E+SQR(X*X+Y*Y+Z*Z) 
10070 LET RR=RE/R 
10080 LF,T m=RR*RR 
10090 LET RR3=RR*RR2 
10100 LET ZF+Z/R 
10110 LET ZR2=zR*zR 
10120 LET ZR4=m*zR2 
10130 LET XDD=GR*FW* (1.5-7.5*ZR2) 
10140 LET 'ZDD=GR*RR2* (4.5-7.5*ZR2) *ZR 
10150 IF (NTERW3) THEN Ccrro 10240 
10160 LET XDE=XDDtCJ3*zR*RR3* (7.5-17.5*2R2) 
10170 LET 'ZDD=ZDDi€J3*FW* (-1.5+15*ZR2-17.5*ZR4) 

a 



10180 IF ( m 4 )  THEN COT0 10240 
1019O"LET XDD=XDD+CJ4*RR*RR3* (-1.875+26.25*ZR2-39.375*ZR4) 
lb200 LET ZDBZDD+CJ$*RR*RR3* (-9 . 375+43.75*ZR2-39.375*zR4) *ZR 
10210 IF  ("EFW5) THEN GOTO 10240 
10220 LET XDD=XDD+cJS*RR2*RR3*m* (-86.625*ZR4+78.75*ZR2-13.125) 
10230 LET ZDD=ZDDi€J5*FU32*RR3* (1.875-39.375+118.125*ZR4-86.625*ZR4*ZR2) 
10240 LET R%34U/RA3 
10250 LET YDD=-W*Y*R3 
10260 LET XDD-XDD*X*R3 
10270 LET ZDDE-ZDD*R*R3 
10280 END SUB 
10290 
10500 
10510 SUB RADARD(ST() ,SLAT,S"G,SHT,E,M,€WJCE) 
10530 REM THIS SUBRQCYITINE DETERMINES THE EX.EVATICN,AZll!lUTH AND FWGEC OF A SATE 
10540 REM OF STATE VECTOR ST RELATIVE TO THE QDDETIC GORIZONTATJ PLANE WITH OR: 
10550 REM GIVEN TRACKING STATI@J GEDDETEC LATITUDE SLAT, LCNGITUDE SLCNG, AND 
10560 REM (NORMAL TO THE ELLIPSOID) SHT 
10571 DECLARE PUBLIC RAD1 
10572 DEF 
10590 LET 
10600 LET 
10610 LM: 
10620 LET 
10630 LET 
10640 LET 
10650 LET 
10660 LET 
10670 LET 
10680 LET 
10690 LET 
10700 LET 
10710 LET 
10720 LET 
10730 LET 
10740 LET 
10750 LET 
10760 LET 
10770 LET 
10780 LET 
10790 LET 
10800 LET 
10810 LET 

I 

1 

FNARSIN (X) = ATN (X/= (1-X*X) ) 
A=6378.16 
B=6356.77472 
WB/A 
BAA=BA*BA 
XX-ST (1) *COS (ST (2) /RADl) 
XECI=XX*oS (ST (3) /RADl) 
YECI=XX*SIN (ST (3) /W1) 
ZP-ST (1) *SIN (ST (2) /M1) 
RL=SLAT/Wl 
R L S J = s ~ / R A D l  
*SIN (RL) 
SN=SIN(rn) 
c=cos (RL) 
cN=als (RLN) 
T"/m 
xPP=-sN*xEcI+cN*YEcI 
DD=SQR (l+BAA*TN*TN) 
YE"*XECI-sN*YECI+A* (1-BAA) /DD 
YI?P=S*YP+c*ZP 
ZPE'=-C*Y"+S*ZP-EA*B/C/DD 
RANGE=SQR (xPP*xPP+YI?P*YPP+zPP*ZPP) 

-45O-ATN (yPP/xPP) "RAD1 
ELEv=FNARsIN (zPP/RANGE) 

i 

10820 IF (-360) THEN LET AZ4Z-360 



10830 
10900 

11010 
11020 
11030 
11031 
11032 
11050 
11060 
11078 
11090 
11094 
11100 
11500 
11510 
11520 
11530 
11545 
11570 
11580 
11590 
11600 
11610 
11620 
11630 
11640 
11650 
11660 
11670 
11680 
11690 
11700 
11710 
11720 
11730 
11740 
11750 
11760 
11780 
12000 
12010 
12020 

11000 

msuB 

SUI3 RTASCN(DJ,AUNG,RFX) 
REM THIS RCUTINE WU'IES THE TIGHT ASCINSION OF A POINT WITH LONGITUDE 
REM AT TINEE DJ J U L U  DAYS(- OF DATE EQUINOX) 
DECLARE PUBLIC 'IWDP1,PIl 
REM THESE cALCULATIaS EFFECT VALUES OF X , Y , Z , W , W , m  
LET DJX=DJ-2400000.5 

I 

LET RAGF+l. 72218613+. 0172027913* (DJX-36933) +ThOPI* (DJX-SGN (DJX) *INT (DJX) 
LET FGF+F@GR-TbDPI* ( S a  (RAGR/ThOPI) *INT (RAGR/TKOPI) ) 
LET R A X = M + A X N G  
IF (FGWPIl) THEN LET RAX=RAX-TbDPI 
ENDSUB 

SUB RTOXYZ(TO,XO,DJ) 
REM CXNVERT T (RADIUS.LAT, Ixx\JG,l3EXKITU, GAMYlA,AZZIMUTH) TO X (X,Y, Z,xDcTr,Mx 
REM AT TIME DJ JULIAN DAYS NEEDS SUBRCUTINE RTASCN 
DECLARE PUBLIC RAD1 
LET TLM(2)/RADl 
LET TLWT (3) /RAD1 

LET TA=T (6) /RAD1 
LET CLT-oc>S(TLT) 
UTI! SLlXXN(TLT) 
LET CCKDS(TG) 
CALL RTASCN (DJ, TLN,RA) 

LET W(5)/RADl 

LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
END 

SUB 
REM 

12030 REM 

SRASIN (RA) 
c3A=cos (RA) 
X(l)==T(l) *CLT*CRA 
X (2) =T (1) *CLT*SRA 
X (3) =T (1) *SLT 
XDW (4) *CG*SIN(TA) 
YDM (4) *CG*COS (TA) 
r n ( 4 ) * S I N ( E )  
X (4) -SRA*XDT-CRA*SLT*YDT+CRA*CLT*ZDT 
X (5) =CRA*XDT-SRA*SLT*YDT+SRA*GT*ZDT ; 

X (6) =CLT*YDT+SLT*ZDT 
SUB - (M,X,Y,Z) 
THIS SuBROuTm GIVES APPFOXIMATE X,Y, Z OF THE SUN RELATIVE TO EARTH 
MEAN ELGMENTS OF THE EARTH EARycENTER 



~~O~~-DECLARE PUBLIC RAD~,PICIV;! 
12032 DEF FNARcxlS (X) =PICIV;!-ATN (X/SQR (1-X*X) ) 
12050 LET T- (DJ-2415020) /36525 
12060 LET W * T  
12070 LET A=1.00000023 
12080 LET €+.016751-.0000418*T-l.26E-O7*TT 
12090 LET AM=358.476+359.049*T-.O0015*TT-3.3333E-O6*T*TT 
12100 LET RA&99*T 

12120 LET AM=Ma 

12140 LET AMR=AM/RADl 
12150 LET AW=101.220833+1.719175*T+.000452777778*TTt.0000033333333*T*TT 

12170 LET AI=23.452294-.0130125*T-.OOOOO164*TT 

12110 LET FWWCD (wf1) *360 

12130 LET AJHXX (R"& 360) 

12160 LET AW&DD(AW,360) 

12180 mm(AMR,E,EC,KF?AIL) 
12190 LET CEC=COS(EC) 
12200 LET R=A* (l-E*CEC) 
12210 LET TH=FNARO=IS (A/R* (CEC-E) ) 
12220 IF (Al9180) THEN E T  TH=6.28318531-TH 
12230 LET AIR=AI/RADl 
12240 LET ARG==AW/RADl+TH 
12250 LET sARG=SIXJ(ARG) 
12260 LET CAU=140598500 
12270 LET X=-R*cyIS (ARG) *W 
12280 LET Y=-R*COS (AIR) *sp;RG*CAU 
12290 LET Z=-R*SAFG*SIN (AIR) *cAU 
12300 END SUB 
12500 
12510 SUB TOPE1 (v, G, A, DE, x, Y, z) 
12520 RE7!4 THIS S-INE ~ S F O ~  A POLAR TopocENTRIC VECTOR(MAGNITDE 
12530 REM AZINUTH A) WITH TOPECENTRIC ORIGIN AT RT ASC RA AND DECXNATION DEC 1 

12541 DEclllRE PUBLIC RAD1 
12560 LET GR=G/RADl 
12570 LET AI+A./RADl 
12580 LET RARFFWRAD~ 
12590 LET DECR=DEC/RADl 
12600 LET CWDS(GR) 
12610 LET XP=V*CG*SIN(AR) 
12620 LET YI?=V*CG*ocxS(AR) 
12630 LET zP-=V*SIN(GR) 
12640 LET SA=SIN(RAR) 
12650 LET cA=cr>S(RAR) 

12540 =I (XI Y, z, ) 



~~~ ~ ~- ~ - ~ 

12660 -LET -SIN (DECR) 
12670 LET cD=cKxs(DEcR) 
12680 LET X=-SA*xP-cA*SD*YP+cA*CD*ZP 
12690 LET Y=CA*xP-SA*SD*YP+SA*CD*ZP 
12700 LET Z=CD*YPtSD*ZP 
12710 END SUB 
13000 
13010 SUB VSCUND(RSAT,~,VS)  
13020 REM VSCUND DETERMINES THE SPEED OF SOUND VS(KPS) AT GEOCENTRIC RADIUS 
13030 REM RSA- ON THE 62 US STD ATPDSPHEEE 
13032 DIM AAl(9) 
13050 FEM DATA 2.82479308lD2,-5.240572992D0,-.1266060595. 1.873293836D02,-5.101 
13051 LET M(1) =282.4793081 
13052 LET M(2)--5.240572992 
13053 LET AAl(3)-.1266010595 
13054 LET AAl(4)=.01873293836 
13055 LET AAl(5) -5.1047465333-4 
13056 LET M ( 6 )  =6 . 0501864063-06 
13057 LET AAl(7)-3.5501627353-08 
13058 LET AAl(8) =1 . 0141029273-10 
13059 LET AAl(9) -1. 1244449619E-13 
13060 IF (RSAT>6528.16) THEN GOTO 13160 
13070 CAZlL GFODHT (RSAT, GECC, Z, GED, 0) 
13080 LET TWAAl(1) 
13090 LET Q=1 
13100 FOR 1=1 To 8 
13110 LET Q=Q*Z 
13120 LET TMKIMtAAl (I+l) *Q 
13130 NEXT I 
13140 LET VS=SQR ( . 4018743*ABs (734) ) 
13150 MAT A A l = O  
13151 EXIT SUB 
13160 LET VS=O 
13161 MAT AAl=O 
13171 END SUB 
13500 
13510 SUB FCT (X,YYl ( )  ,DERY ( )  ) 
13520 REM FORCE EQUATIONS F I R  IRBITAK F'KUGGT, IOTUIBS ARE SYB*NSYB-l) ,CK>NSTAMT 
13530 REM (IYINFGT-1) NEEDS SUBFWTINES BDYPRT,DEL,DRGACC, TOPECI, LCNGRA,DRAGB, SI 
13540 REM LUNEPH,DRAGC,DRAGh> 
13570 DECLARE PUBLIC GZERO, RE, CW, DJ, TWOPI, CAPLAT, CAPW, CAPHT, SLAT ( )  , S X N G  ( )  , 
13571 DECLARE PUBLIC xPRINT,CNMI, CFPS,B,FlO,AP,-E, TIGN, TBO, STGJT,m, THX, TF 
13575 DECLARE PUBLIC ATH,WT, ACCEL,VEARTH,VIMP, GTDOT,ATDOT,WSS, CNACH, QH, ATAKP, 
13577 DECLARE PUBLIC Q,QA,DZ, ITHR, I " I T ,  ITRK, ICRASH,MSUN,I!", I!DBL,M3RAG,MTHRI 

3 



13578 
13580 
13590 
13600 
13610 
13620 
13630 

' 13640 
13650 
13660 
13670 
13680 
13690 
13700 
13710 
13720 
13730 
13740 
13750 
13760 
13770 
13780 
13790 
13800 
13810 
13820 
13830 
13840 
13850 
13860 
13870 
13880 
13890 
13900 
13910 
13915 
13920 
13925 
13930 
13931 
13932 
13935 
13940 
13945 

~ 

LET 
LFJT 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 

_ _ _ _ _ ~  

(X) = ATN (X/SQR (l-X*X) ) 
xx=YY1(1) 
YY=YY1(2) 
ZZ=YY1(3) 
DJ=X/86400 +DZ 
DERY (1) =YY1(4) 
DERY (2)=YY1(5) 
DERY(3)=YY1(6) 
R2=xx*XX+YY*YY+zz*zz 
F e Q N R 2 )  
CR3=*/R=!/R 
DERY (4) =CR3*XX 
DERY (5)=CR3*YY 
DERY (6) =CR3*ZZ 

IF (MSUN<l) THEN Ccrro 13760 
CALL BDYPRT(XX,YY, ZZ,DJ,XDD,YDD,ZDD,l) 
LET DERY(4)=DECRY(4)+XDD 
LET DERY(5)=DERY(S)+YDD 
LET DERY (6) 4ERY (6) +ZDD 
IF (FMXW1) THEN 13810 
CALL WYPRT (XX,YY, ZZ,DJ,XDD,YDD, ZDD,2) 
LET DERY (4) 4ERY (4) +XDD 
E T  DEXY (5) =DECRY (5) +YDD 
LET DERY (6) =DERY (6) +ZDD 
IF (kOBX1) THEN GOTO 13860 
CALL OBL(XX,YY,ZZ,XDD,YDD,ZDD,PDBL) 
LET DERY (4) =DECRY (4) +XDD 
LET DERY (5)=DERY (5 )  +YDD 
LET DERY (6) =DERY (6) +ZDD 
IF (mWUX1) THEN Ccrro 13910 
C?&L DRI;ACC (YYl ( )  , XDD, YDD, ZDD) 
LET DERY(4)=DERY(4)+XDD 
LET DERY (5) 4ERY (5) +YDD 
LET DERY (6) =DERY (6) +ZDD 
IF (MCHRST<l) THEN GOTO 13975 
IF (XCrIGN)OR(x>TBo) THEN GOTO 13975 
IF (ITHIDO) THEN GOTO 13945 

IF XX<O THEN LET RA=ATN(YY/XX) +PI1 
LET IT=-1 

* 

IF W = O  AND YY<O THEN LET RA=ATN(YY/XX) +WPI 
IF -0 AND yy>-O THEN LET RA=ATN(YY/XX) 
LET DEC=FNARSIN (ZZ/R) 
CA-TJ; TOPECI (THR, GTH,ATH,RA,DEC, THX, THY, THZ) 
LET Wl+S'IwT- (X-TIGN) *FUX' 

'\ 



13950 U T  (NASS=WT/GZERC) 
13955 LET VIMF=32 . 174048556*T~wF*LCG (STWT/WT) 
13960 LET DERY (4) =DERY (4) +THX/CMASS 
13965 LET DERY (5)=DERY (5) +THY/CMASS 
13970 LET DERY (6) *ERY (6) +THZ/CMASS 
13975 IF (THR=O) THEN Gcrro 13985 
13980 LET ACCEL= (XDD*THX+YDD*THY+ZDD*THZ) /THR 
13985 END SUB 
14000 
14010 SUB GTDATE(TJULDA,YEAR() ,W) 
14020 REM IF M!4=O,ouTpuT IS JULIAN DATE, IF ~ l , c u T p u T  IS Y E A R , ~ H , D A T , H O U T ,  
14031 DECLARE PUBLIC MXDD() ,J!!KNTH() 
14040 DIM ITIME (6) 
14120 IF ( W O )  THEN GOTO 14570 
14130 LET IyEAR=1952 
14140 LET IDAY+KJULDA-2434011.5 
14150 IF (IDAT>O) THEN 0 14210 
14160 LET IyEAII=IyEAR-4 
14170 LET IDAY=IDAY+1461 
14180 IF (IDAY<O) THEN Ccrro 14160 

14210 LET I=SGN(IDAY/1461) *7NT (IDAY/14.61) 

14230 LET IDAY=IDAY-I*1461 
14240 LET I%"(2)=29 
14250 LET I=IDAY-366 
14260 IF ( I < O )  THEN GOTO 14330 
14270 LET K " ( 2 ) = 2 8  
14280 LET IDAY=I 
14290 LET IYEAR=LyEAR+l 

14300 LET I=SGN(IDAY/365) *INT (IDAY/365) 
14310 LET IDAY=IDAY-I*365 
14320 LET IYEAFIYI3ARi-I 
14330 LET l X " = O  
14340 LET J=IDAY 
14350 FOR 1=1 TO 12 
14360 IF (J<=O) THEN GOTO 14410 
14370 LE2 DAY4 
14380 LET l M N ' L " = ~ H - t l  
14390 LE2 J=J-M%JTH(I) 
14400 NEXT I 
14410 LET T=.TJULDA-.5 
14420 LET 14' 
14430 LET S=I 

14190 IF (IDA--0) THEN GOTO 14240 

14220 LET IYEAR--IYERR+I*4 

a .  



14440 LET P(T-S) "24 
14450 LET IHCURq 
14460 LET S=IHCUR 
14470 LET T=(T-S) *60 
14480 LET l"=T 
14490 LET S=MIN 
14500 LET YEAR(G)=(T-S) *60 
14510 LET YEAR(l)=IYEAR 
14520 LET YEAR(Z)=II%NI" 
14530 LET YEAR(3)=IDAY 
14540 LET yEAR(4)=IHCUR 
14550 LET YEAR(5)=IMIN 
14560 EXIT SUB 
14570 FOR 1=1 TO 6 
14580 
14590 NEXT I 
14600 LET ?S=ITIME (1) -1950 
14610 LET K=ITIME(2) 
14620 LET JHXXJDD (K) +ITIME (3) 
14630 IF (K<3) THEN 14660 
14640 LET "+2 
14650 IF (NX=( (NX/4) "4) ) THEN LET W l  
14660 LET T-N*365+ (N+1) /4+M 
14670 LET TX=(ITIME(4)*6O+ITIME(5))*6O+ITIME(6) 
14680 LET TJULDA=2433281.5+(T+TX/86400) 
14681 MAT ITIME==O 
14690 EM> SUB 
15000 
15010 SUB ~CIMP(STV() ,DJ ,E l lv l ( ) ,S IMP( ) ,TIMP,RIMP,~T)  
15020 REM THIS SUBROUTIME,GIVEN A STATE VEC'IDR STV(RADIUS,LATITUDE,Ix>NGITUDE,W 
15030 REM F"T PATH ELEYATION ANGLE, ZIMU'I") ,ORBIT EXEMEN'S F,LM(A,B,INCL,KDE, 
15040 REM PER,MEAN ANc1M)AND TIME,JULIAN DATE,DJ,DETERMINES CONDITIONS AT IMPAC 
15050 REM BECIDR) SIMP,TIME FRaM PRESINT TO WACT TIMP (I!") ,TANFEE TO IMPACT I 
15080 RTW REQUIRES SuBRCxlTINE PSTRNl(M2DIFIED PSTRN WITH ELM SUPPLIED EXERNXJ  
15091 DEQ;ARE PUBLIC 'IFx>pI,RAD1,PIUV2 
15092 DEF FNARcy>S (X)=PIOv2-ATN(X/SQB(l-X*X) ) 
15100 LET TIMP=O 
15110 LET W R = .  0000017 
15140 LET A=6378.16 
15150 LET B=6356.77472 
15160 LET RP=IZM(l) * (l-FLM(2) ) 
15170 IF (RP>A) THEN COT0 15600 
15180 LET ESEIM(2) *m(2) 
15190 LET ESl-ES 

LET ITIME (I) =SGN (YEAR(1) ) *INT (yEAR(1) ) 

2 "  



~- ~ 

15200* LET THCOSX=(EI.M(l) *ESM-A) /JXlN(2) /A 
15210 
15220 
15230 
15240 
15250 
15260 
15270 
15280 
15290 
15300 
15310 
15320 
15330 
15340 
15350 
15360 
15370 
15380 
15390 
15400 
15410 
15420 
15430 
15440 
15450 
15460 
15470 
15471 
15490 
15500 
15510 
15520 
15530 
15540 
15550 
15560 
15570 
15580 
15590 
15600 
15610 
15620 
15630 

IF (THCOSD1) THEN LET THcY>s=l 
IF (THCOSX<-l) THEN LET THCOSX-1 
LET 
E T  
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 

THODFNARCDS (THCOSX) 
THOLWI'WPI-THOLD 
ESMS=ESM*ESM 
SI=SIN(ELM(3) /RAD1) 
CwELM(5) /RAD1 
AES=ELM (1) "2*ESMS 
C=AES* ( I/B/B-I/A/A) *SI*SI 
CC=AES/A/A 
1- 
WSIN (THOLD) 
CS=COS (THOLD) 
STO=SIN (THOuEtcM) 
T"EM=THOLD+ (1+2*ELM(2) *CS+ES*CS*CS-C*STO*STO-CC) / (IXM(2) *SN+ES*CS*Sl 
ITEX+ITER+l 

I F  (ITEXU=50) THEN GOTO 15410 
IF  (ABS (THNEW-THOLD) m R )  THEN GOTO 15430 
LET T H 0 l I " E N  
Gcrro 15320 
IF  (RP>B) THEN EXIT SUB 
PRINT "VACUUM IMFACT ITERATICN DID NYT CONVERGE" 
LET CXISTH=( (EXM(1) *ESM-STV(l) ) /EIM(2) /STV(l) ) 
CALL ARcoos (CDSTH, THPRES) 
IF (STV(5)<0) OR (STV(S)>l80) THEN LET THPRES+l3l3PI-THE'RES 
LET DTH= (THNEN-TERES) *FW1 
IF (DTHKO) THEN LET DTH=DTH+360 
IF (DT-360) THEN LET DTH=DTH-360 

LET TIMPZDTH/60 
REPI EUWG!3-TO-IMI?ACT IS HERE DEFINED AS GEXT CIRCLE TNGE OVER A 
REPI SPHERE OF EQUMUNT WIDE, 6371.01KM RADIUS 
LET cLAMIMP(2) 
LET CZLNG4IMp (3) 

IF ( I U N I P O )  THEN EXIT SUB 
LET SIMP (4)  =SIMP (4) /. 0003048 

EXIT SUB 
FOR 1=1 TO 6 
LET SIMP (I) =O 
N E X T 1  
LET TIMP=O 

CALL P s m  (sm() ,ELM() ,Dm,l,sW) 

( s T V o 8 c L A T , m , m )  

LET RIMp-=RIMp*. 000539956803 



15650 

15710 
15720 
15730 
15731 
15920 
15930 
15940 
15941 
15942 
15943 
15950 
15960 
15970 
15980 
15990 
16000 
16010 
16020 
16030 
16040 
16050 
16060 
16070 
16080 
16090 
16100 
16110 
16120 
16130 
16140 
16150 
16151 
16152 
16153 
16160 
16170 
16180 
16190 
16200 
16210 
16220 

15700 
ENDSUB 

SUBCDAE (DATEJ) 
DECLARE PUBLIC MslNTHO ,W$ () 
LET IyEAR=1952 
LET RIDAY=DATEJ-2434011.5 
IF (RIDAD0)THEN 

LET DAY= S a  (RDAY) *INT (FUDAY) 
GOTO 16000 

END IF 
LET IyEAR=IYEAR-4 
LET RIDAY=RIDAY+1461 
IF RDAY<O THEN 15950 
IF RIDAY=O THEN 16030 
IF RIDADO THEN 16030 
LET I=SGN (RIDAY/1461) *INT (RIDAY/1461) 

LET IDAY=IDAY-I*1461 
LET MslNTH(2)=29 
LET I=IDAY-366 
IF (I<O) THEN GOTO 16120 

LET IYEAR-IyEAR+I*4 

LET 
LET 
LET 
LET 
LET 
LET 
LET 
LET 
FOR 
IF 

MslNTH (2) =28 
IDAY=I 
IYEW+IYEAR+l 
I== (IDAY/365) *INT (IDAY/365) 
IDAY=IDAY-I*365 
IyEAR=IyEAR+I 
l " = O  
J=IDAY 
1=1 To 12 
J<=O THEN 

LET 1 ~ 1 2  
GOTO 16190 

mIF 
LET D A Y 4  
LET I K N T H = m H + l  
LET J<-KNTH (I) 
NEXT1 
LET WATELF.5 
LET N=I! 
LET S=sGN(RI) *INT (RI)  



16230'LET T; (T-S) *24 +. 000139 
1'6232 LET IHOUR=SQ\J (T) *IN" (T) 
16234 LET S=IHOUR 

I 

16236 LET T=(T-S) *60 
16240 LET l"=SGN(T) *INT (T) 
16250 LET S=IMIN 
16260 LET ISEC=SGN(T-S) *I" (T-S) "60 
16270 PRINT lKN$ (lXNCH) ; DAY; IYEAR; "HCUR1'; IHCUR; "MIN"; I"; "SEC"; ISEC 
16290 END SUB 
16300 
16301 
16302 
16310 SUB ELMQR(ELM() ,T ( )  ,DJ)  
16320 REM ELMIY>R TRANSFORMS TKE CLASSICAL EL;EMENTS (A,E,I,NODE,ARGUMENT OF 
16330 REM PERIGEE,MENA ANaMALY) INTQ THE POLAR STATE VECTOR (RADIUS, 
16340 REM LATITUDE, IDNGITUDE, vEIxx;rITY, GAMYA, AZIMUTH) AT EPOCH DJ 
16350 REM FULIAN DAYS 
16360 REM ANGLE PFUNT AND CylTPuT IN DEGREES 
16370 REMNEEDS sW"TINES LCNGRA, KEPW,ANGLE 
16371 DECLARE PUBLIC TWPI,RADl 
16372 OPTION NOLET 

16390 UW=398601.2 
16410 ZWELM(6) /RAD1 
16411 BELM(2) 
16420 AI=ELM (3) /RAD1 
16421 ANCDF,=ELM(4) /RAD1 
16430 AFII;-ELM(5) /RAD1 
16440 IF (E>cl) THEN GOTO 16760 
16450 CALL KEPEKN(AM,E,EC,KFAIL) 
16460 CEMDS(EC) 
16470 SEX+SIN(EC) 
16480 EEC=l-E*CEC 
16490 R=W(l) *EEC 
16500 V=SQR(CY!4U* (2/R-l/ELM(l) ) ) 
16510 SE+SQR(l-E*E) 
16520 T (5) =ATN (E*SEC/SE) *RAD1 
16530 CTA= (CEC-E) /EEC 
16540 STA=SEC*SE/EEC 
16550 CALL ANGLE (STA, CTA, TA) 
16560 PHI=TAtX 
16570 SINI=SIN (AI) 
16580 ATAT=F"ARSIN (SINI*SIN (PHI) ) 
16590 o S ( A L A T )  

16373 DEE' FNARSIN (X) = ATN (X/SQR (l-X*X) ) 

i 



' .16620 
16630 
1664C 
16650 
16660 
16670 
16680 
16690 
16700 
16701 
16702 

16600 IF (cLAT=O) THEN 16730 , 

16610 SBET!A=COS (AI)  /CLAT 
I 

I 

16710 T(4)=V 
16711 T (6) =BETA*RADl 
16720 EXIT SUB 
16730 BETA====PI/2 
16740 -0 
16750 GOTO 16700 
16760 PRINT "FAILURE I N  EXNKIR, ORBIT H Y P ~ L I C "  
16770 END SUB 
16771 
16772 
16773 

17070 -398601.2 
17080 X=S(l) 
17090 Y=S(2) 
17200 Z=S(3) 
17210 XDeis(4) 
17220 M ( 5 )  
17230 ZD=S (6) 
17240 R=SQR (X^2+YA2+Z^2) 
17250 V=SQR (XD^2+YDA2+ZD^2) 
17260 RDoTEI=X*XD+Y*YD+Z*zD 
17270 RIXII+RIXn'R/R 
17280 D=2/R-V*V/W 
17290 A=ABS (l/D) 
17300 S I N G ? W m / V  

a .  



17310 fDSGSQ=l-SINGAM*SINGAM 
17,320 I?=R*R*V*V*aSGSQ/W 
17390 IF (D-0) THEN 17430 
17360 E=sQp (l+P/A) 
17365 -A* (E-1) 
17368 cy>sHF= (l+R/A) /E 
17370 SI"F=RIXXR/E/SQR ( W * A )  
17380 CALL A" (SI", COSHF,EANaM) 
17390 MA"=-EA"-E*SINHF' 
17400 CTANCW (P-R) /E/R 
17410 ST-SQR (P/A) *SINHI?/ (E*COS€E'-l) 
17420 GOTO 17500 
17430 Eo3SEi-l-R/A 
17440 ESINE=RDOTR/SQR(CMJ*A) 
17450 IF ECOSE<O THEN EWCM=ATN (ESINE/ECOSE) +PI1 
17451 IF IXOS-0 AND ESINE<O THEN EWJCEkATN (ESINE/ECOSE) +WPI 
17452 IF ECOSE>=O AND ESINE>=O THEN EANSkATN(ESINE/ECOSE) 
17453 REM PUTS ANGLE I N X I  PROPER QUADRANT. 
17460 GSQR (ESINE*ESINE+ECOSE*ECOSE) 
17470 AM=IWXM-ESm 
17480 STA"i/R*SQp(l-E*E) *SIN(EXKM) 
17490 CI!ANCM=A/R* (COS (EANcaJI) -E) 
17500 CATL ANGLE (STRNCM, C T m ,  TANaM) 
17510 Hl=Y*ZD-Z*YD 
17520 H2=Z*XD-X*ZD 
17530 H+X*YD-Y*XD 
17540 CSQ=Hl*Hl+H2*H2 
17550 HSQ=CQtH3''2 
17560 C-SQR (CSQ) 
17 57 0 H=SQR ( H a )  
17580 SINI=C/H 
17590 03SI=H3/H 
17600 CALL ANGLE(SINI,o3sI,AI) 
17610 SINCWHl/C 
17620 CXK&l=-JX2/C 
17630 CALL ANGLE(SINaM,COm,aM) 
17634 SINU=Z*H/R/C 
17636 COS- (Y*Hl-X*H2) /R/C 
17640 CALL ANGLE(SINU,cosU,U) 
17649 PERXJ-TATXM 
17650 ELM(l)=A 
17660 ELM(2)=E 
17670 ELM(3)=AI*RADl 
17680 ELM(4)=CM*ADll 
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I7700 
17710 
18000 
18001 
18002 
18010 
18011 
18012 
18013 
18014 
18015 
18016 
18017 
18018 
18019 
18020 
18030 
18040 
18050 
18070 
18080 
18090 
18100 
18110 
18120 
18130 
18140 
18150 
18160 
18170 
18180 
18190 
18200 
18210 
18220 
18230 
18240 
18250 
18260 
18270 
18275 
18280 
18290 

ELM (6) =AM*RADl 
ENDSUB 

SUB arrP (T, S 0 ,DS ( )  Im,NDm, P N  ) 
DECLARE PUBLIC TWP1,RADl 

DECLARE PUBLIC CNMI, CE"S,B,F10,AP, ERATE, TIM, ?IO, STWT, W 

DECLARE PUBLIC ATAKI?,ATAKY,ATAK,Q,QA,DZ, ITHR, IUNIT, ITRK, ICRASH,MSUN,WKD 

DIM ETRK(5) ,ATRK(5) ,RTRK(5) ,SEL(5) ,SAZ(5) ,SFNG(5) 
DEF F" (X) = ATN (X/SQR (l-X*X) ) 
DIM STV(6) 
ATAK=O 
AT-0 
ATAKY=O 
@=Q 
DJ=T/86400+DZ 
IF (PRINTl=O) THEN COT0 18150 * 

I F  T=O THEN GOTO 18150 
H=PRM11(3)*(.5)"IHLF 
IF  ABS(XPRINT-T)*(H/2) THEN Orro 191OO!FIRST CLEAR THE ARRAYS. 
REM PRINTS AT CLOSEST INTEFRATIQN STEP 
REM MAY SKIPA PRINT I F  H IS DCU3lXD JUST BEFORE A PRINT 
X P m - P R I N T t P m l  

m s= (X,Y, z,xD,YD, ZD) 
IF (ELPD(2)>=1) THEN Ccyro 19040 
cALL =R(-o , S T W )  ,as) 
REM STV= (R, LAT, W G ,  V, GAM, AZ) 
LET RADSTV=STVO (1) 
LET GEDZGFSTVO(2) 
CALL GEODHT (FADSTV, GEOCLT, HT, GE?CDLT, 0) 
IF  (HT<O) THEN P"(5)=1 
E S = l - W  (2) *E3243 (2) 
SES-SQR(ES) 
CTA=(ELPD(l) *ES-STVO(l) ) /ELKl(2) /STVO(1) 
RANGE=O 
CALL AREOS (CTA, TA) 
TA=-TA*PADl 
I F  (STV0(5)>180) THEN STV0(5)=STV0(5)-360 

DECLARE PUBLIC GZERQ, RE, (XU, DJ, WLAT, GAPING, CAPHT, SLAT ( 1 SIDG ( I ~ H T  ( 1 I 

DECLARE PUBLIC THX, THY, THZ, THR, GTH, AT", WT, A m ,  VEARTH, VIMF, GQXYT, A m ,  

DECLARE PUBLIC t4IXRUST, 162, BUFFER (I ) BUFPTR, LATT, W, BUFLI& SIMP0 ( )  1 E M  

mm(S 0 ,mo 1 





18656"STVO (4) =VSTORE 
l'8660 IF ITRK=O THEN 18800 
18670 FOR 1=1 TO 6 
18680 SEL(I)=O 
18690 SAZ(I)=O 
18700 SRNG (I) =O 
18710 NEXT I 
18720 FOR 1=1 TO ITRK 

18722 NEXT I 
18750 IF IUNIT-0 THEN 18790 
18760 FOR 1=1 TO 6 
18770 SRNG (I) =SRNG (I) *M 
18780 NEXT I \ 

18791 PRINT "EL!%";STR$ (SEL(5) ) ;It 
18792 PRINT "AZ4="; STR$ (SAZ (4) ) ; 
18793 PRINT "RNG3=";STR$ (SRNG(3) ) ;Ir 
18800 IF ICRASH=O THEN 19100 

18820 IF I U N I D O  THEN 18833 
18830 PRINT "FUME+"; STR$ (FUMP) ; 
18831 PFUNT "VILI="; STR$ (SIMP0 (4) ) ; 
18832 0 19100 
18833 RIMp=RIMp*M 

18834 SIMP0 (4) =SIMP0 (4) *CEPS 

18841 PRINT "vELI=";STR$ (SIMP0(4) ) ;Ir 
18845 GOTO 19100 
18850 ALJk=T*CNMI 
18860 RANGE4?AEE*M 
18870 ASTORFiFLMI (1) 
18880 ELM3 (1) =ASTOFB*CNMI 
18890 RSTORFiSTVO (1) 
18900 STVO (~)~FSXXU~*CNJXU 
18910 VSmWSnK>(4) 
18920 STVO (4) =VSTORE*CFPS 
18930 APOR"PORAD*CNMI 
18940 PElWAD=PERRAD*CNMI 
18950 VEN?I"=VEARTH*CFPS 
18960 APOALT-AE'OALT*CNMI 
18970 PERALT=PERALT*CNMI 
18980 VlMWA3P*CFPS 
19000 APOVELFAPOVEL*CFPS 

18721 CALL RADARD (STVO ( )  SLAT (I) S W  (1) SHT (1) SEL (1) SAZ (1) SRNG (1) 

18790 PRINT "ELl=";STR$ (SEL(1) ) ; Ir  EL2=";STR$(SEL(2));" EL3=";Srn$(SEL(3) 1;" 
AZl=";STR$ (SAZ (1) ) ;Ir 
AZ5="; STR$ (SAZ (5) ) ; 

AZ2=";STR$ (SAZ (2) ) ; I 1  

RNGl="; STR$ (SRNG (1) ) ; ' 
RNG5=";STR$ (SRNG(t RNG4=";STR$ (SRNG(4) ) ;Ir 

18810 CALL ~CIME'(STVO(),DJ,~(),SIMPO(),TIME',RIMP,O) 

TIMP-'I; STR$ (TIMP) ; LATI="; STR$ (SIMP0 (2) ) ; 
ELVI="; STR$ (SIMP0 (5) ) 

18840 PRINT "RIMp=";STR$ (RIMP) ; I r  TIMP=";STR$ (TIME') ; I r  LATI=";STR$ (SIMPO(2) ) ; I r  

ELVI=";STR$ (SIMPO(5) ) 



19010 * P E R m P m m * m s  
19020 vLasS=vLasS*CE'PS 
19030 GOTO 18600 
19040 STVO(l)=SQR(S (1) "2+S (2) "2+S (3) "2) 
19050 STVO(4)=SQR(S (4) "2+S (5) "2+S (6) "2) 
19060 - (S  (1) *S (4) +S (2) *S (5) +S (3) *S (6) ) /SW(l) 
19070 STV0(5)=FNARsIN(RDOT/STV0(4) ) *RAD1 
19080 STVO (2) =F" (S (3) / S W O  (1) ) *RAD1 
19090 Gcrro 18420 
19100 FOR 1=1 TO 5 
19101 
19102 NEXT I 
19103 FOR 1=1 TO 6 
19104 
19105 NEXT I 
19110 END SUB 
19150 
19151 
19152 
19160 SUB LUNEX" (TJ,VX,VY,VZ) 
19170 REM EPHEMERIS OF THE E C N  
19180 DECLARE PUBLIC WP1,PIl 
19185 OPTION NOLET 
19190 XIS=.40916335 
19200 SEcRA=. 0000048481368 
19210 mC= (943242+47625,6*TJ) *SECRA 
19220 XLUNEk (1029621+47435*TJ) *SECRA 
19230 XLF (233258+47033.97*TJ) *SEcRA 
19240 XLP= (1286413+3548.161*TJ) *SECRA 
19250 D=(670604+43886.7*TJ) *SECRA 

19280 Il=XL/PI2 
19390 I2=D/PI2 
19400 I+XLp/PI2 
19410 14=E'X/PI2 
19420 XLFXL-I1*PI2 
19430 D=D-I2*PI2 
19440 XLP=XLP-I3*PI2 
19450 Fx=Fx-I4*PI2 

ETRK(1) ,ATRK(I) ,RTRK(I) ,SEL(I) ,SAZ 

SIMP0 (I) , EDXI (I) , STVO (I) 4 

19270 PI2-"IWoPI 

I) =o 

19460 A=22640*SIN (XL) -4586*SIN (XL-20*D) +2369*SIN (2*D) 
19470 &769*SIN (2*XL) -668*SIN (XLP) -412*SIN (2*FX) 
19480 C=-212*SIN (2*%2*D) -206*SIN (XL+XLP-2*D) +192*SIN (XL+2*D) 
19490 DD=-165*SIN (XLP-2*D) +148*SIN (XL-XLP) -125*SIN (D) 
19500 G-llO*SIN (XL+xsS) +55*SIN (2*D-2*FX) -45*SIN (XLt2*Fx) 



29520 
19530 
19540 
19541 
19542 
19550 
19560 
19570 
19580 
19590 
19600 
19610 
19620 
19630 
19640 
19650 
19660 
19670 
19680 
19690 
19700 
19710 
19720 
19730 
19740 
19750 
20000 
20001 
20002 
20010 
20011 
20012 
20013 
20014 
20015 
20016 
20017 
20018 
20019 
20020 
20050 
20060 
20070 

H=-31*SIN ( .2*XL-4*D) +28*SIN (XL-XLE'-2*D) -24*SIN (XLP+2*D) 
HH=19*SIN (XL-D) +18*SIN (XLP+D) 
XLAM=XLUIiE+ (A+B+C+DD+E+G+H+HH) *SECRA 

XLAM=XL?Q+RI5*PI2 
AA=18641*SIN (FX) +lOlO*SIN (XLtEX) +lOOO*SIN (XL-FX) +624*SIN (2*D-FX) 
BA=-199*SIN (XL-2*D-EX) -167*SIN (XL-2*D+FX) +117*SIN (2*D+FX) 
cA=62*SIN (2*XL+FX) +33*SIN (XL+2*D-FX) +32*SIN (2*XL-FX) 
DA=-3O*SIN (XLP-2*D+Fx) -16"SIN (2*%2*D+FX) 
EA=15*SIN (XL+2*D+FX) -12"SIN (XLl?+2*D-FX) 
BETA= (AA+BA+CA+DA+EA) *SEDA 
I7=SGN (BETA/PI2) *INT (BETA/PI2) 
BETA=BETA-I7*PI2 
AB=3422.6+186.5*cOS (XL)+34.3*COS(XL-2*D) +28.2*COS (2*D) 
BB=10.2*COS (2*XL)+3.1*COS(XL+2*D)+1.9*COS(XLP-2*D) 
CB=1.4*COS (XL+XLP-2*D) +1.2*03S (XL-XLP) -COS (D) 
DB- . 9*COS (XL+XLP) - . 7*COS (XL-2"FX) + . 6*03S (3*XL) - .6*cOS (XL-4 *D) 
-= (AB+BB+CB+DB) *SFCRA 
I6=SGN (aGA/PI2) *INT (ABS ( m P I 2 )  ) 
CEGA=C&GA-I6*PI2 
SDM=SIN(aGA) 
03BEFo3S (BETA) 
VX=6378.16*COS (XLAM) *COBE/SM 
VY=6378.16*SIN (XLAM) *cx>BE/SM 
-6378 . 16*SIN (BETA) / S M  

I5=sGN (xLAM/PI2) *INT (xLmUPI2) 

EM> 

SUB 
REM 
REM 
REM 
REM 
m 

SUB 

ps~(To ,ELMo,DT, ISTEP,So)  
G I W  A POLAR STATE VECroR T (RADIUS, LATITUDE,mITUDE,VEIEITY, 
GAPMA,AZIMUTH), PAT" (2LCULAES A NEW POLAR STATE VECTOR SATDT 
SEOCXVDS (ISTFP4) OR DEGREES (ISTWp=l) LATIIR, AN= IN DEGREES 
DT R E T "  AS TIME WHITHER PRINT AS TIME OR ANGLE 
NEEDS SuBRCxITlXES RTOELM,KEPECX\J 

DEQ;ARE PUBLIC TWPI,RADl,PIl 1 

DECLARE PUBLIC THX, THY, THZ, THR, GTH,ATH,WT,ACCEL,VEARTH,VIMF, GCKX,ATDOT, 1 

OPTION NOLET 
cm=398601.2 
WsQR(cJW=Jw) /Ew1) 1 
AM=EW( 6) /RAD1 
IF M O  THEN AWAM-t-TKlPI 

DECLARE PUBLIC GZER(3, RE, W, DJ, CAPLAT, WW, CAPHT, SLAT ( )  SUNG ( )  1 SHT ( )  I I 



2008O-'GELM (2) 
NO90 
20100 
20110 
20120 
20130 
20140 
20150 
20160 
20170 
20180 
20190 
20200 
20210 
20220 
20230 
20233 
20236 
20239 
20240 
20250 
20260 
20270 
20280 
20290 
20300 
20310 
20320 
20400 
20401 
20402 
20500 
20510 
20511 
20520 
20522 
20523 
20530 
20550 
20560 
20600 
20601 
20602 
20610 

CALL KEPEcrJ (AM, E, EC, WAIL) 
cEc=cm (E) 
COSTS (CEC-E) / (l-E*CEC) 
CALL ARCCOS (COST,TA) 
IF T (5) <O THEN TA-PI-TA 
I F  ISTEs--o THEN 20280 
TAS===tDT/T/RADl 
PER=iIG4KIPI*rn(l) *sQ3(ELM(1) /m) 
DTDEG=DT 
cTAs=cos (W) 
COSECS= (EtCTAS) / (ltE*CTAS) 
CALL ARco3s(COsEcs,ECs) 
I F  (TAS>PIl) THEN E C S = P I - E C S  
AMS=ECS-E*SIN (ECS) 

IF DTBER THEN 20240 
IF DTDED360 THEN 20240 
DT=DT-PER 
ELM (6) =M*RADl 
DJJ=DJ+DT/86400 

EXIT SUB 

TS==tDT 
W * T S  
GOTO 20240 
EM>suB 

D P  (AMS-AM) /a 

CALL =NEW) ,so ,DJ4 

-AM/w 

SUB AFccOs(COS1,ANG) 
RGM THIS ROUTINE SOLVES FOR THE ANGLE(AtG) IF RADIANS WHOSE COSINE I S  CO: 
DECLARE PUBLIC PIOV2 
REM ROUNDOFF PRDTECTIrn 
OPTICN NOLET 
DEF FNAECOS (X) =PIOV2-ATN ( X / W  (1-X*X) ) 
IF (COS1>1) THEN COS1=1 
A N G m s  (am) 
ENDSUB 

SUB DRAL;B (SRAD, SLAT, SUNG,DJ,FlO,AP,D, 162) 

\ 



~ ~ 

3X30*RE%/I THIS SuBROuTINE cALc"uLATEs THE ATJXISPHERIC DENSITY D GIVEN THE GEKIT 
20640 JGN VLATITUDE, AND LCNGITUDE OF A sATEL;LITE (SRAD, SLAT, SIxx)NG) , THE JULIX 
29650 RFM DECPETRIC SOLAR FLUX, F10, AND THE GEKWGNETIC INDEX AF' (INCLUDES EFFE( 
20660 RFM DrClRNAL BULX;E). IF  I62=0, FlOA AND AI? AREE IF'KOm AND DENSITY I S  COI 

S " I N E S  suNMEL,IxxJGRA,DJDATE 
PUBLIC RAD1,rnPI 

20691 
20692 
20694 
20696 
20710 
20720 
20730 
20740 
20750 
20760 
20770 
20780 
20790 
20791 
20792 
20800 
20810 
20820 
20830 
20835 
20850 
20860 
20870 
20880 
20890 
20900 
20910 
20920 
20930 
20940 
20950 
20960 
20970 
20980 
20990 
21010 
21020 

DIM AAl(20) ,YEAR (6) 
DATA -5.51057E-4,7.2687E-7,1.5837E-8,-2.9804E-l1, 1.8408-14,2.5106E-6,-2.t 
DATA 8.3468E-11,-1.2606~-13,6.9437E-17,2.9099646~-9,3.8388E-11,-1.3402E-: 
DATA 2.1941E-16,-1.3715E-19,2.6736E-14,-6.6437E-l5,2.081~-17,-4.6025E-2~ 
H=SRAD-6378 
CALL DRAGE (SRAD, SLAT, D) 
IF (HQOO) OR (I62=0) OR (H>=700) THEN EXIT SUB 
CML GECDHT (SRAD, SLAT, Z, GECD, 0) 
CALL SUNMEL (DJ,X,Y,V) 
RsuN=sQR(xA2+YA2+vA2) 
sINL+v/RsuN 
COSLFSQR (1-SINL"2) 
IF  X<O THEN RA=ATN(Y/X) +PI1 
I F  (-0) AND (Y<O) THEN RA=ATN(Y/X)+TKOPI 
I F  (W-0) AND ( D O )  THEN RA=ATN(Y/X) 
CALL lXJYGE?A(RA,ALCNG,DJ) 
"FACFl+.  4* ( (l+SINL*SIN(SLAT/RADl) +COSL*COS (SLAT/l?ADl) *COS (ALCNrn.523599- 
CALL GJDATwDJ,=o,u 
YEAR(2)=4 
YEAR(3)=7 
FOR 1=4 TO 6 
=(I)=o 
NEXT1 
CALL GJDATuDJAp,=o,o) 
DAYNO=DJ-AJW 
~ 1 H 0 2 5 t 4 . 5 ~  (F10-170) +.5*FlO*COS (DAyNo/182.5) +1 . 5*AP 
TEMP=TN*IFAcT 
TJFIEMP-1300 - 
Z2=ZA2 
z3=z*z2 
z4=z*23 
TR2=rRA2 
TR3====*TR2 
TR4==TR*m 
DL=(AA1(1) +AAl(2) * Z + m  (3) *Z2+AA1(4) *Z3+AA1(5) *Z4) *TR+ (AAl(6) +AAl(7) *Z+A 
IF  DM10 THEN 21040 
M*lO"DL 



21040 
21'060 
21500 
21750 
23000 
23005 
23010 
23015 
23020 
23025 
23030 
23035 
23040 
23045 
23050 
23055 
23060 
23061 
23062 
23063 
23064 
23065 
23066 
23067 
23068 
23070 
23071 
23072 
23073 
23074 
23075 
23076 
23077 
23078 
23079 
23080 
23081 
23082 
23083 
23084 
23085 
23086 
23087 

PRINT "DENSITY NOT COFGETED TO DYNAMIC ICDEL" 
ENDSUB 

REM 
m 
REM 
REM 
rn 
REM 
REM 
REM 
REM 
RFM 
REM 
REM 
REM 
REM 
REM 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*THIS SHORT PROGRPM PRESENTS THE CURPUR OF STORED DATA 
*FRaM THE ELOPTICAL PATH PRGRTAM . THE DATA IS S A .  
*IN FILE OF THE USER'S CHOICE. 

VIEWING OF THE PATH AND THE ~~ MAY BE *s- 
*ACCCM?LISHED BY USING THIS PRQGRfiM. "MPATH,ELIP.n 
*REDISPLAYS ALL THE vIXGUE3 I N  ANY DATA FILE WHERE THE 
*FIRST READ EQUALS THE SIZE OF THE ARRAY WHERE THE * 
*DATA RESIDES AND THE RFMAINNING DATA POINTS ARE ARRANGED* 

*THERE ARE NO PROVILICNS FOR ERRclR C m  OF FIL;E NAMES* 
*THEREFORE, IF  AN I N C O m  OR MIISSPELLED FI- IS * 
*E"ERD THEN THE PFGRAM WILL STOP AND I T  WST BE 
*RESTARTED. * 

* 
* 
* 
* 
* 
* 

*AS LATITUDE, ENGITUDE. * 

* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OPTICN BASE 1 
CLEAR 
SET WINlXM 1,620,1,392 
OPEN #1: NAME 'IT CZCSOVL", ACCESS INPUT ! A COPY OF THE WFUD M A P .  
REM THIS WILL RE% THE MAP BACK ONTO THE SCREE 
LET K=272 
LET J=392 
RFM GENERATES A PICTURE OF THE WRLD 
FOR 1=1 TO 20638 

INPUT #l:A 
FOR Nr7 TO 0 STEP -1 

LET Tl=A-2"N 
IF  D512 THEN 

LET K=l 
LET J=J-1 

END I F  
IF T1%0 T W  
PUT POINTS: 
LET A=A-2"N 
END I F  
LE2 K=Kt1 

NEXTN 

K, J 



23088 NMT I 
23089 CET J=2 
23090 FZM I43W TO THE STARTING LlXATION. 
23091 ASK WINDCW X1,X2,YlrY2 
23092 LET X=( (X2/360) * (180+BUFFER(1,2) ) -29) 
23093 LM' Y=392- ( (Y2/180) * (90-BUE"ER(1,1) ) +13) 
23095 Do WHILE J<=BUFPTR 
23096 LET X1=( (X2/360) * (180+BvFFER(J,2))-29) 
23097 IF (X1>512) THEN LET Xl-(Xl,512) 
23101 PLMT LINES:X,Y;Xl, (392- ( (Y2/180) * (gO-BUFFER(J, 1) ) +13) ) 
23113 LET X=X1 
23114 LET Y= (392- ( (Y2/180) * (9O-BuFFER (J, 1) ) +13) 
23115 LET J=J+1 
23116 Ixx>P 
23120 END SUB 

\ 

i 



. 
EmxR 
ENTER 
ENTER 

ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
ENTER 
m 
ENTER 
EmTER 
ENTER 

5 

II",O FOR R,LAT,LONG,VEL,GAM,AZ,PRINT OR 1 FOR ELEMENTS A,E,I: 0 
IUNIT,O FOR KM, KGY,SEC; 1 FOR N,NI,FPS: 0 
ITRK,ENTER THE NUMBER OF TRACKDIG STATICNS OR 0 FOR 
NO TRACKING DATA QENERAATED: 0 
ICRASH-VACUM INF'ACT PTINTCUT: 1 
I62,O FOR 1962 U.S.STD AWSPHERE, 1 FOR DYNAMIC ATPDSPHERE: 0 
MSUN,l TO INCLUDE PERTURBING F O R a  (Yl"EEIWISE ELilTERO: 
b", 1 TO INCLUDE FORB: 1 
MXAG, 1 TO INCLUDE FORCER: 1 
MTHRST,l TO INCLUDE FORB: 0 
Lvyx;L, HIGHEST ORDER OF OBLATENESS INCLUDED: 
THE YEAR: 1974 
THE Mx\lTH (1-12) : 8 
THE DAY (1-31) : 15 
THGE HCURS ( )  -23) : 23 
THE MlIWIES (0-59) : 0 
THE SECONDS (0-59) : 0 
STATE VECTOR OR ESE"TS AT START EPOCH 
FIRST Ilm=6526.3200 : 
THE SECOND ITEM= .OOO 
THIRD ITEM--4.1480 
FWRTH ITEM=10.3065 
FIFTH ITEM= .OOOO 
SIXTH ITEM=116.0000 

1 

PW(I)=START TI" HRS(N0RMALLY 0.0) 
PI" (2)=END TIMF,,HRS 
PRMT(3)= INITIAL STEP SIZE, MIN 
P€MI'(4)=uppER ERR(>R BaJND 

I .  

: 48 

: 20 



0 
ENTER B(ENLIST1C COEFFICIENT) : 0 
ENTER F10: 0 
ENTERT AT?: 0 

TRAJEcroRY USING RUNGEXUCTA ANALYSIS 
START E E C H  
AUG 17 1974 HOUR 5 MIN 0 SEC 0 
PRINT STATE VECTOR 
TSFIUD= 652 6.320 
LATITUDE= .OOO 
LQKITUDE= - 4.1480 
VEXKITY= 10.3065 
FLTPATH= .OO 
AZIWI"= 116.0000 
A= 25026.8713 
B= .7392275 
INCL~26.0000 
RA OF ASC N C D e  216.0451 
ARH OF PERF 180.0000 
MEANANCW .oo 
PERTURBATI(3JS INCLUDED: 

SUN 
MXIN 
OBLATENESS QF ORDER:= 5.0 
DRAG(1962 STD A W D S P m ,  B= 0 ) 

( THR= 0 GT" 0 ATH= 0 ) 
CUTE'UT FoRlvIAT 

\ \ TIME ALTITUDE RANGE THRUST 
\ \ WEIGHT A m  (ECDY AXIS) SEMIWOR AXIS 
ECCEBNTRICITY . 
\ \ INCLINATION RAOE'ASCNCDE ARGOFPERIGEE MEANAKMALY 
RADIYS GEOCLATITUDE LLNGITUDE II\IERTIZ& VEXCITY 

\ \ PERIaD EARTH REL VEIEITY PITCH 
Ym 
\ \ APOGEE ALTITUDE PERIGEE ALTITUDE WT FEW RATE 
aMpuLsIvE VEIEITY IMPULSIVE vl3uxITY 

\ \ FLT PATH ELEV AZIMIL" APOGEERADIUS PERIGEERADIUS 



\ "' \ PICTDH RATE YAWRATE 
\ .  \ ELEVFRNCAPE VEUXITYLQSS 
\ -  \ PITCH ATTACK YAW ATTACK 
\ \ Q TRUE ANCIMAT-IY 
\ \ z)(DoT MXYT 
AUG 17 1974 HOUR 5 MIN 0 SEC 0 
STEP= 1 
TIME+ 0 A L P  147.021 RANG=O 
W O  A m  0 A= 25026.9 
INCL= 26. NODE+ 216.045 ARGP= 180. 
RAD1 = 6526.32 LAT = 1.42299e-14 
ELGv= 0 AZIM= 116. RApo= 43527.4 
TAU = 656.703 VE = 9.88101 PITCH= 0 
H7SQ= 37149.3 €PER= 148.16 MXYI'= 0 
PDUP 0 M x y r = O  W?O= 1.54532 
CAPE= 2.44962e-2 mS= 0 
PATK= 0 mTK= 0 ATAK= 0 
QALF= 0 
z = o  xDoT--5.45082 Mxyr= 7.49002 

TAN= 8 . 53774e-7 

FUMP=O T W O  LATI=O m=O 
vILI=O ELlvI=o 
AUG 17 1974 HCUR 5 MIN 5 SEC 0 
STEP= 2 
TIME= 300 A L P  446.476 RANG= 2401.03 
W O  A m  0 A= 24990.5 
I N U =  25.9962 IW3E 216.042 ARL;s= 180.057 
RAD1 = 6826.86 LAT -11.2099 LCNG= 18.5752 
ELGv= 11.1282 AZIM= 113.608 FW?O= 43453.7 
TAU = 655.272 VE = 8.94365 PITCH= 0 

P m -  0 M x y r = O  W?O= 1.54786 
CAPW.393552 W S =  0 MACH= 0 
PATK= 0 YAm= 0 AT== 0 
- 0  TAN= 26.2718 X = 3346.11 
Z -1327.17 XDOT-7.25334 Mwr= 5.49317 

HAPO= 37075.6 HPW- 149.072 WIXYI'= 0 

RIMp=O T W O  LATI=O U N t = O  
vILI=O mvI=o 
AUG 17 1974 HOUR 5 MIN 10 SEC 0 
STEP= 3 
TIME;= 600 A L P  1244.76 RANG= 4762.14 
w r = O  ACXB= 0 A= 24947.8 
INCL= 25.9895 IW3G 216.03 ARG= 180.083 

APOGEE VEIXXITY PERIGEE VEUxI': 
MACH NO QH 
TcvrAL ATTACK Q 
X Y 
ZDOT 

THF+ 0 
Ecc= .739227 
-0 
LCNG-4.14803 VEL= 10.3066 
W E  6526.32 
Y A W = O  
V I M F = O  
V P B  10.3065 
MACH= -516302 QH= 0 
Q = 2.10214e+6 

ZWI'==-4.51809 
X = 5276.89 Y = 3840.23 

THR- 0 
ECC= -738811 
MAN= 2.74107 
VJX= 10.0411 
WER- 6527.23 
Y A W 0  
V I M F = O  
VI?- 10.3046 
QH= 0 
Q = O  
Y = 5800.71 
-4.24716 

THR= 0 
E= .738327 
MAN= 5.50138 



RAD1.e 7628.2 
ELEV= 20.4378 
TAU = 653.594 
HApo= 36989.3 
PDcTr= 0 
cApE-.720472 
PA%= 0 
-0 
Z -2513.08 

LAT -19.2351 
AZIM= 107.82 

VE = 8.94365 
€PER= 150. 
Y D O = O  
vLos= 0 
YAW= 0 
TP;N= 48.6637 
xIx)?s-7.98831 

IXXVG- 39.0337 
RApo= 43367.5 
PITCH= 0 
m= 0 
VAJ?O= 1.55084 
MACHE 0 
AT== 0 

X = 1035.52 
Mxrr= 3.39704 

I 

-0 TIMP=O L A T I 4  X N I = O  
vILI=o mm=o 
AUG 17 1974 HCUR 5 MIN 15 SEC 0 
S P -  4 
TIME= 900 
W l + O  
I N C k  25.9851 
RAD1 = 8734.26 
ELEV= 27.4463 
TAU = 652.759 
HAI?O= 36946.5 
P m  0 
CAPE+- . 964574 
PATK= 0 
gall?= 0 
Z -3501.04 

W = O  TW=O 
vILI=O mt=o 

XP= 2346.16 
A m  0 
NODE= 216.015 
LAT -23.6307 
AZIM= 101.133 

VE = 7.44621 
€PER= 150.346 
M x y r = O  
vIx)s= 0 
mTK= 0 
TAN= 66.0896 
-7 . 96896 
LATI=O U = O  

AUG 17 1974 HCUR 5 MIN 20 SEC 0 
STEP- 5 
TIMFF 1200 
IrJT-0 
I N C I i  25.9833 
RAD1 = 9986.54 
ELI"= 32.5526 
TAU = 652.403 
HAP@ 36928.2 
PIXYP 0 
CAPE+--1.14679 
PATK= 0 
CZALF-0 
Z -4301.57 

ALT= 3592.53 
AcrxB= 0 
NaDEF 216.001 
LAT -25.5143 
XIM= 95.0878 

VE = 7.44621 
WET+= 150.506 
YfXXFO 
mS= 0 
YATK= 0 
TAN= 79.3644 
xDcyr--7.60434 

RANG= 6572.25 
A= 24926.6 
ARCP= 180.098 
ILNG 55.9128 
RZSQ= 43324.6 
PITCH= 0 
b?lm?= 0 
VWC= -1 . 55231 
MACH= 0 
AT== 0 
X -1371.1 

yDcrr= 1.72796 

RANG= 7920.79 
A= 24917.5 
ARB?= 180.11 
I.LXG== 69.1156 
RApo= 43306.3 
PITCH= 0 
FJDcuI'=O 
VWC= 1.55294 
MACH= 0 
ATAK= 0 

X -3712.03 
YDDk -538191 

Vl3.i 9.40903 
WET+ 6528.16 
Y?W==O 
TAMP0 
WEX= 10.3024 
QH= 0 
Q = O  
Y = 7127.52 
zDoT--3.62999 

THR= 0 
ECC= -73809 
MAN- 8.26661 
VEL= 8.67652 
FPm- 6528.51 
YAW0 
V I M F = O  
W e  10.3015 
QH= 0 
Q = O  

Y = 7883.53 
ZlXl+-2.9651 

THR= 0 

MAN= 11.0307 
m- 7.98942 
F P E W  6528.67 
YAW0 
VIM?= 0 
WER= 10.301 
QH= 0 
Q = O  
Y = 8212.69 
zDoT--2.39067 

-737989 



RIMp=o T W - 0  LATI=O l D J I = O  
vILI=O mm=o 
A= 17 
STEP= 6 
TIMI+ 1800 ALJ+ 6190.73 RANG= 9708.5 
w r = O  A- 0 A= 24907.7 
INCLF 25.9831 WE+ 215.984 AR(;p= 180.128 
RADl = 12598.8 LAT -25.7202 KNG= 87.0143 
FLEW= 39.0721 AZIW 86.1812 RAP@ 43286.6 
TAU = 652.017 VE = 5.3714 PITCH= 0 
HAEX)= 36908.4 WER= 150.622 WXY& 0 
P m  0 Mx>T-O VAPO= 1.55361 
CAPE=-1.38915 WS= 0 MACH= 0 
PATK= 0 mTK= 0 AT== 0 
-0 TAN= 97.7435 X -7987.88 
Z -5467.61 )(Dcrr-6.64004 m.864694 

1974 HOUR 5 MIN 30 SEC 0 

RIMP=O TIMP=O LATI=O LCNI=O 
vILI=O mm=o 
AUG 17 1974 H W R  5 M I N  40 SEC 0 
STEP= 7 
TIMEF 2400 A L P  8714.64 RANG= 10795.4 
W O  A- 0 A= 24904. 
INCL= 25.984 mE= 215.975 ARB--179.862 
RAD1 = 15138.1 LAT -24.3144 97.7792 
ELEv= 42.7979 AZIM= 80.5436 RApo= 43278.9 
TAU = 651.872 W = 5.3714 PITCH= 0 
HAPO= 36900.8 HP- 150.869 I”= 0 
P m  0 - 0  VAPO= 1.55389 
CAPE+-1.49956 vLos= 0 M?cH= 0 
PATK= 0 mTK= 0 A m =  0 
-0 TAKk 109.845 X -11699.1 
Z -6233. XIXYIk-5.75605 YWT=-1.5705 

RIMP=O TIMP=O L A T I 4  -=O 
vILI=O mm=o 
AUG 17 1974 HCUR 5 MIN 50 SEC 0 
STEP= 8 
TIMEF 3000 ALT= 11086.2 RANG.= 11501.2 
W O  A- 0 A= 24902.3 
I X L i  25.9849 NODEF 215.97 -179 . 857 
RADl = 17525.1 LAT -22.6037 UNG= 104.573 
ELEN= 45.03 A Z I W  76.8314 RAPO== 43275.4 
TAU = 651.806 VE = 4.16569 PITCH= 0 

TI-@ 0 

MANS 16.5585 
VELF 6.87552 
RP- 6528.78 
-0 
VIM?== 0 
WER= 10.3006 
QH= 0 
Q = O  
Y = 8064.1 
zDoT--l . 56041 

e- -737881 

TI-@ 0 
ECC= .737832 
MANS 22.0849 
VFL= 6.05446 
R P B  6529.03 
Y?W=O 
vIMF= 0 
WER= 10.3003 
QH= 0 
Q = O  
Y = 7310.48 

ZlXXk-1 . 02855 

THR= 0 
E X =  -737807 
MANS 27.6107 
VELF 5.4298 
RPER= 6529.21 
-0 



36897.2 €€PER= 151.054 MXYlk 0 V I M . F = O  
P r n  0 M x y r = O  VAPO= 1.55403 WER= 10.3001 
&E=--1.44877 vI;oS= 0 ~ MACH= 0 QH= 0 
PA%= 0 YATK= 0 ATAK= 0 Q = O  
- 0  TAN== 118.545 X -14925.7 Y = 6243.32 
Z -6735.83 XDCvr-5 . 02357 YDOT--1.94892 Z K P - .  669398 

e - 0  T31MP=O LATI=O IxxJI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 6 MIN 0 SEC 0 
STEP= 9 
TIMEF 3600 a?'- 13294.7 RANG- 11978.3 
w T = O  ACXl3= 0 A= 24901.4 
IN- 25.9857 NoDEF: 215.968 ARB--179.855 
RAD1 = 19748.5 LAT -20.9357 LCK+ 109.022 
ELEV= 46.3729 AZW 74.2473 FW?O= 43273.4 
TAU = 651.771 VE = 4.16569 PITCH= 0 
HAP@ 36895.3 €€PER= 151.184 W D C Y P  0 
P m -  0 m- 0 VAEO= 1.55411 
CAPE+--1.38146 WS= 0 MACH= 0 
PAX= 0 mTK= 0 AT== 0 
- 0  TAN== 125.215 X -17752.8 
Z -7056.56 xDoT--4.41885 yDoT--2.15953 

-0 TIMP=O L A T I 4  l X N t = O  
vILI=O ELvI=o 
AUG 17 1974 HCNR 6 MIN 10 SEC 0 
s e -  10 
TIME= 4200 A L P  15347.6 RAK+ 12306.9 
w- 0 ACX€3= 0 A= 24900.8 
IN- 25.9863 215.966 ARGP--179.853 
RAD1 = 21815.7 LAT -19.3946 LONG= 111.985 
ELGv= 47.1345 A Z B  72.3595 RApo= 43272.2 
TAU = 651.749 VE = 3.38665 PITCH= 0 
HAEC= 36894.1 €PET+ 151.278 WDCXk 0 
P m  0 Mwr=O VAFQ= 1.55416 
CAPE+-1,32905 WS= 0 MACH= 0 
PATK= 0 mTK= 0 ATAK= 0 
QALF= 0 TAN= 130.575 X -20247.8 
Z -7244.4 xDoT=-3.91194 yDoT=-2.27653 

THR= 0 
ECC= .737792 
MAN= 33.1359 
VEX,= 4.93563 
WER- 6529.34 
YAW0 
vIMF= 0 
WEX+ 10.2999 
QH= 0 
Q = O  
Y = 5004.68 
ZWl+.413094 

THR= 0 

MAT+ 38.661 
VEL= 4.53156 
WE% 6529.44 
YAW0 
V I M l + O  
VPW- 10.2998 
QH= 0 
Q = O  
Y = 3670.32 
P.221763 

e- .737782 

-0 TIMP--O LATI=O 
vILI4 ELvI=o 
AUG 17 1974 HOUR 6 MIN 20 SEC 0 



STEP=" 11 
TIM)+ 4800 A L P  17256.5 
W O  
m- 25.9867 
RADl = 23738.2 
ELEV= 47.4851 
TAU = 651.734 
HA??O= 36893.3 
P r n  0 
CAPE;=-1.28934 
PATK= 0 
QALF= 0 
Z -7331.27 

AQ(B= 0 
NDE+ 215.965 
LAT -17.9893 
AZIM= 70.926 

VE = 3.38665 
HI?- 151.347 
m- 0 
V L Q S  0 
mTK= 0 
TAN= 135.035 
XDOT=-3.47 932 

RANG= 12532.6 
A= 24900.5 
AR(;p--179.852 
KNG= 113.946 
FApo= 43271.4 
PITCH= 0 
W D O l k O  
vApo= 1.55419 
MACH= 0 
AT== 0 

X -22461.9 
YIXYE-2.33757 

FUMl?=O TIMP=O LATI=O LCNI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 6 MIN 40 SEC 0 
STEP= 12 
TIME= 6000 ALT= 20687.9 RANG= 12778.8 
W F O  AQ(B= 0 A= 24899.5 
INCL= 25.9874 NDE+ 215.963 -179.851 
RADl = 27194.4 LAT -15.534 KNG=. 115.936 
ELE;v= 47.3165 AZIM= 68.9027 RAPO.. 43269.3 
TAU = 651.694 VE = 2.48225 PITCH= 0 
HAPO= 36891.1 HPER= 151.459 W X l k  0 
PDOT- 0 -0 VAPO= 1.55428 
CAPG--1.23641 0 MACH= 0 
PAX= 0 mTK= 0 ATAK= 0 
QUE= 0 TAT+ 142.175 X -26195.3 
Z -7282.92 xDoT--2.77316 Mxyr--2.36573 

RnvIp-O T W = O  LATI=O ILNI=O 
vILI=O ELvI=o 
AUG 17 1974 HCUR 7 MIN 0 SEC 0 
STEP= 13 
TIME= 7200 A L P  23668.2 RANG= 12847. 
W O  A m  0 A= 24899. 
INCL- 25.9879 NDE+ 215.963 -179.851 
RAD1 = 30196.6 LAT -13.4489 I.CNG= 116.31 
ELEV= 46.2995 AZIM=: 67.5527 RApD= 43268.3 
TAU = 651.677 VE = 2.48225 PITCH= 0 

36890.2 HPm 151.521 FHwI7= 0 
P r n  0 Y X l P O  WPO= 1.55432 
CAPEi1.20601 vLos= 0 MACH= 0 

T W  0 
ECC= .737776 
MAN= 44.1859 
VEL= 4.19229 
FPm- 6529.51 
-0 
vIMF= 0 
WER= 10.2997 
QH= 0 
Q = O  

ZW+-7 . 37 955e-2 Y = 2283.91 

THR= 0 
ECC= .737761 
MAN= 55.2372 
VEL= 3.64782 
FP- 6529.62 
-0 
m- 0 
WER= 10.2996 
QH= 0 
Q = O  
Y -547.509 

ZDOP= .139515 

TH& 0 
Ecc= -737753 
MAN= 66.2876 
VEL== 3.22362 
€?PER= 6529.68 
Y A W  0 
vIMF= 0 
VPW- 10.2995 
QH= 0 



PATK= 0 mTK= 0 ATM= 0 
&= 0 TAN= 147.792 X -29174.8 
Z -7023.05 XWP-2.21211 yDoT--2.32745 

W - 0  TIMP--O LATI=O lXNJ=O 
vILI=O ' E L V I 4  
Axx; 17 
STEP= 14 
TIME= 8400 A L P  26256.9 RAN@ 12801.6 
W O  AcxB= 0 A= 24898.7 
INCLF. 25.9882 NODE= 215.962 ARB--179.85 
RAD1 = 32804.6 LAT -11.6332 XNG= 115.692 
ELEV= 44.609 AZIM= 66.5973 €WO= 43267.8 
TAU = 651.667 VE = 2.06167 PITC" 0 

PDm= 0 m- 0 VAE)O= 1.55434 
WE=-l.l888 0 MACH= 0 
PAW= 0 YAm= 0 ATAK= 0 
Q W -  0 TAN= 152.451 X -31542.5 
Z -6614.92 XDUP-l.74732 -2 -25558 

1974 HOUR 7 MIN 20 SEC 0 

HAP+ 36889.6 W e -  151.562 WWI'= 0 

RIMp=O TIMI?=O LATI=O IDlI=O 
vILI=O ELvI=o 
AUG 17 1974 HCUR 7 MIN 40 SEC 0 
STEP= 15 
TIME;- 9600 A L P  28498.3 RANG= 12678.7 
m- 0 AcxB= 0 A= 24898.6 
INCL= 25.9885 NODE= 215.962 Aw3p=-179.85 
RAD1 = 35062.8 LAT =-10.016 ~ I W F  114.418 
ELEV= 42.311 AZIM= 65.8944 FM?O= 43267.4 
TAU = 651.66 VE = 2.06167 PITC" 0 
HApo= 36889.3 HP- 151.592 taxrr= 0 
PEcYJk 0 m- 0 vApo= 1.55435 
CAPE--1.17912 vLos= 0 MACH= 0 
PAX= 0 YAW= 0 ATAK= 0 
m o  TAN= 156.465 x -33395. 
Z -6098.2 XIl3T-1.34982 YDOl+2.16486 

RIMP=O TIMP=O LATI=O LCNI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 8 MIN 0 SEC 0 
S m -  16 
TIME= 10800 ALT- 30425.5 RANG- 12500.9 
W O  -0 A= 24898.5 

Q = O  
Y -3367.95 

-28505 

THR= 0 
ECC= -737749 
MAN= 77.3376 
VELF 2.8797 
RpEX+= 6529.72 
YAW0 
- 0  
WEX+= 10.2995 
QH= 0 
Q = O  
Y -6120 . 19 

ZDOT= -389763 

T& 0 
EcIc= -737746 
MAN= 88.3875 
VEL= 2.59373 
RPm= 6529.75 
YAW0 
vIMF= 0 
VPEII= 10.2995 
QH= 0 
Q = O  
Y -8773.89 

ZKYl? -467775 

T& 0 
Ecc= -737744 



INW 25.9886 
RAD1 = 37004.5 a= 39.4169 
TAU = 651.656 
kWO= 36889. 
P m -  0 
CAPE+l . 17321 
PAX= 0 
QALF= 0 
Z -5499.66 

NDE= 215.962 
LAT -8.54703 
AZIM= 65.3642 

VE = 1.90232 
HJ?ER= 151.617 
YDCY&O 
mS= 0 
mTK= 0 
TAW 160.024 
XDOT--1.00126 

RIMP-0 TIMP=O LATI=O L D J I = O  
vILI=O ELvI=o 
AUG 17 1974 HOUR 8 MIN 20 SEC 0 
STEP= 17 
TIME= 12000 
w- 0 
I N C k  25.9888 
RAD1 = 38655.1 
ELEV= 35.9106 
TAU = 651.653 
HAP@ 36888.8 
P m -  0 
CAPF,=-l . 1684 
PATK= 0 
-0 
Z -4838.42 

ALAk 32063.7 
A m  0 
NC€)E= 215.962 
LAT -7.19051 
AZIM= 64.959 

VE = 1.90232 
WET+ 151.641 
n x r r = O  
ms= 0 
YATK= 0 
TAN= 163.253 
XDOP-. 689402 

RIMP=O TW=O LATI=O UXI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 8 MIN 40 SEC 0 
STEP= 18 
TIME+ 13200 
w- 0 
INCLi 25.9889 
RAD1 = 40033.9 
ELEV= 31.7652 
TAU = 651.651 
HApo= 36888.7 
P m -  0 
CAPE=--1.16271 
PAX= 0 
QALF= 0 
Z -4128.83 

ALT= 33432.2 
AQ(B= 0 
N33E+ 215.962 
LAT 3-5.91964 
AZlN= 64.6485 

VE = 1.86831 
WER= 151.667 
m- 0 
ms= 0 
mTK= 0 
TAN= 166.238 
XDOT=-. 405681 

ARB-179.851 
LDNG 112.689 
R A P 5  43267.2 
PITCH= 0 
m= 0 
vApo= 1.55436 
MACH= 0 
ATAK= 0 

YDOP-2.0625 
X -34801.5 

RANG= 12283. 
A= 24898.4 
~ ~ e - 1 7 9  . 851 
IDG= 110.633 
RAPO.. 43267. 
PITCH= 0 
- 0  
VAEO= 1.55437 
MACH= 0 
ATAK= 0 

X -35812.7 
Y J X k - 1  . 95214 

RANG= 12035.4 
A= 24898.4 
ARB-179 . 851 
I.QJG= 108.338 
RApo= 43266.9 
PITCH= 0 
W J X k O  
VAPO= 1.55438 
MACH= 0 
ATAK= 0 

X -36467.3 
-1 . 83564 

MAN= 99.4373 
VEL= 2.35252 
WER= 6529.78 
-0 
w= 0 
VPER- 10.2994 
QH= 0 
Q = O  
Y -11311.2 

ZlXXP ,527175 

TH€+ 0 

MAN= 110.487 
VEL= 2.14811 
WER= 6529.8 
YAW0 
vIMF=O 
WER= 10.2994 
QH= 0 
Q = O  

ECC= .737742 

Y -13720.7 
,572916 

T W  0 
ECC= ,737741 
MAN= 121.537 
WJF 1.97586 
,RpEII= 6529.83 
-0 
V I M F = O  
WER= 10.2994 
QH= 0 
Q = O  
Y -15993.9 

,608174 



RIMp=O TIMP=O LATI=O LDNI=O 
vILI=O mm=o 
AUG 17 
STEP- 19 
TIME= 14400 A L P  34545.6 RANG- 11765.7 
W O  A m  0 A= 24898.3 
IN- 25.989 MIDI+ 215.962 ARGP--179.851 
RAD1 = 41155.8 LAT -4.71382 Ixx\K;= 105.866 
ELEV= 26.9599 A Z W  64.4128 FWO= 43266.8 
TAU = 651.65 VE = 1.86831 PITCH= 0 
HApo= 36888.6 HPER= 151.696 MlXYl+ 0 
P m -  0 M x y r = O  VWO= 1.55439 
CAPG--1.15471 vIxIs= 0 MACH= 0 
PATK= 0 mTK= 0 AT== 0 
Q W -  O T- 169.042 X -36795.1 
Z -3382.14 XDCYT=-.143886 MXYIIS--1.71383 

1974 HOUR 9 MIN 0 SEC 0 

RIMp=O TIMP=O LATI=O ==O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 9 MIN 20 SEC 0 
STEP= 20 
TIME;= 15600 ALT= 35415.2 "+ 11479.7 
W O  - 0  A= 24898.3 
I N U =  25.989 NODE= 215.962 AE42=-179.851 
RAD1 = 42032. LAT -3.55666 lIN+ 103.265 
ELEV= 21.4995 MIM= 64.2387 l?Al?O= 43266.7 
TAU = 651.649 VE = 1.87656 PITCH= 0 

P m  0 Y l X F O  VEO= 1.55439 
WE+-1,14342 WS= 0 MACH= 0 
PATK= 0 YATK= 0 AT== 0 
QALF= 0 T W  171.712 X 136819.5 
Z -2607.48 XDCYP .lo0651 Mxyr---1.58691 

HApo= 36888.5 H P W  151.728 WDOl? 0 

RIMP=O TIMP=O LATI=O LDNI=O 
VILI=O mvI=o 
AUG 17 
STES- 21 
TIME= 16800 A L P  36049.1 RANG= 11182.2 
W O  AcxB= 0 A= 24898.3 
INCL= 25.989 WE+ 215.962 AlX+-179.851 
RAD1 = 42670.7 LAT -2.43456 100.574 
ELEV= 15.4348 AZIM= 64.1174 43266.7 

1974 HOUR 9 MIN 40 SEC 0 

TJBF 0 
Ecc= -737739 
MAN= 132.587 
m 1.83336 
WER= 6529.86 
YAW0 
VlMF=O 
VPm 10.2993 
QH= 0 
Q = O  

ZDOIk -635055 
Y -18124.1 

THR= 0 
ECC= -737738 
MAN= 143.636 

1.71971 
WET+ 6529.89 
YAW0 
w= 0 
WER= 10.2993 
QH= 0 
Q = O  

zDoT= -654981 
Y-20105.1 

THR= 0 
Ecc= -737736 

154.686 
VEL;= 1.63508 
WER= 6529.92 



TAU.= 651.649 VE = 1.87656, PITCH= 0 -0 
HApo= 36888.5 HPEF+ 151.764 bDCYT= 0 VIMF- 0 
PmT= 0 -0 VAPO= 1.5544 VPEF+ 10.2993 
CAPE=--1.12828 VLQS 0 ' MACH= 0 QH= 0 
PATK= 0 YAm= 0 ATAK= 0 Q = O  
m- 0 TAT+ 174.288 X -36558.9 Y -21930 . 6 
2 -1812.58 xDcvll= -331547 YDOl+1.45468 ZKXk .66891 

RIMp=O TIMP=O L A T I 4  LONI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 10 MIN 0 SEX 0 
STEP= 22 
TIME== 18000 ZXLP 36453.2 RANG= 10877.1 
W O  0 A= 24898.3 
INCLF 25.989 NIX= 215.962 ARB--179.851 
RADl = 43077.9 LAT -1.33581 97.8215 
ELEv= 8.88074 AZIM= 64.043 RAPO= 43266.6 
TAU = 651.649 VE = 1.88504 PITCH= 0 

PDOP 0 y D c T r = O  W?O= 1.5544 
CAPE=--1.1091 ws= 0 MACH= 0 
PAW= 0 mTK= 0 ATW= 0 
QFJ-IF= 0 TAT+ 176.802 X -36028. 
Z -1004.24 xDcTr= .551688 yDcyr--1.31665 

HAP@ 36888.5 €PET+ 151.803 WlXYl+ 0 

m - 0  T7TVIP=O LATI=O I.DJI=O 
vILI=O E L I = O  
AUG 17 1974 HOUR 10 MIN 20 SEC 0 
STEP= 23 
TIME= 19200 AL,P 36631. RANG= 10567.6 
0 0  AQ(B= 0 A= 24898.3 
IKL= 25.989 NODE= 215.962 ARGE-~~~ . 851 
RADl = 43257. LAT -.24989 ICG= 95.0369 
ELFN= 2.02053 A Z I W  64.0122 RAP@ 43266.6 
TAU = 651.65 VE = 1.88504 PITCH= 0 
HAW= 36888.5 WEE= 151.847 V 0 
PDOT- 0 m- 0 VWO= 1.55441 
cApE+-1.08598 vLxIs= 0 W H =  0 
PAX= 0 YAW= 0 m?x= 0 
-0 TAW 179.281 X -35238.2 
2 -188.66 X C O k  -763443 YDCIP-1.17202 

THk O 
EcyI= -737735 
M?N= 165.736 
VEL= 1.58016 
WER= 6529.96 
Y X + O  
vIMF= 0 
WER= 10.2993 
QH= 0 
Q = O  

Z f D P  .677466 
Y -23594 . 

TI%+ 0 
m= -737733 
M?W= 176.785 
VELF 1.55572 
PER= 6530.01 
-0 
VIMF=O 

QH= 0 
Q = O  
Y -25087 . 9 

ZDCYJ+ -681016 

3VPER= 10.2992 

RIMp=O TIMP=O LATI=O I D C t = O  
vILI=O ELvI=o 



AUG b17 1974 HOUR 10 MIN 40 SEX 0 

TIME= 20400 A L P  36584.1 RANG- 10257.2 
w- 0 ACE+ 0 A= 24898.3 
INCL= 25.9889 NODEF 215.962 ARGP--179.852 
RAD1 = 43209.7 LAT = .8331 LGNG 92.2451 
ELEV-4.91205 AZIM= 64.0235 RAEO= 43266.6 
TAU = 651.651 VE = 1.87966 PITCH= 0 
HAPCt= 36888.5 HPER= 151.894 WDOT= 0 
PIXYP 0 Y D C Y k O  WEO= 1.55441 
WE+-1.05923 VLQS 0 MACH= 0 
PAW= 0 mTK= 0 ATAK= 0 
QALF= 0 TAN=-178 . 247 X -34198.3 

.STEP= 24 

Z = 628.262 X J X k  -968811 YDDJk-l.01973 

RIMp=O TW=O LATI=O Ix)NI=O 
vILI=O ELvI=o 
AUG 17 1974 HOUR 11 M I N  0 SEC 0 
STEP= 25 
TIME+ 21600 A L P  36312. RANG 9948.81 
W F O  AQ(B= 0 A= 24898.4 
INCIF 25.9888 NCDEk 215.962 ZARGF--179.852 
RAD1 = 42935.5 LAT = 1.92292 UXJG 89.4712 
ITLEV-11.6703 AZIM= 64.0775 RAEO= 43266.6 
TAU = 651.652 VE = 1.87966 PITCH= 0 

PIXYP 0 -0 VWQ= 1.55442 
CAPE+-1.02932 V I X F  0 MACH= 0 
PATK= 0 YATK= 0 ATAK= 0 
p= 0 TAN=-175.756 X -32914.9 
Z = 1440.7 xDoT= 1.16953 yDoT-.858408 

HAFO= 36888.5 WE3+ 151.943 0 

RIMP=o TIMP=O LATI=O m = O  
vILI=O ELvI=o 
AUG 17 1974 HOUR 11 MIN 20 SEC 0 
STEP= 26 
TIME+ 22800 ALT= 35812.4 RANG 9645.73 
W F O  A m  0 A= 24898.4 
IN- 25.9887 215.962 ARGP==--179.852 
RAD1 = 42432.1 LAT = 3.02965 UXJG 86.7413 
ELEV=--18.0379 AZIM= 64.1763 NPO= 43266.7 
TAU = 651.654 VE = 1.86804 PITCH= 0 

P m  0 -0 WQO= 1.55442 
HAPOE 36888.5 HPEII= 151.993 WlXP 0 

THF+ 0 

MAN= 187.835 
VELF 1.5622 
RPER= 6530.05 
YAW-0 
vIMF= 0 
WER= 10.2992 
QH= 0 
Q = O  
Y -26403.8 
zDoT= .679715 

Ecc= -737731 

THR= 0 
Ecc= -73773 
M A W  198.885 
VEL= 1.59947 
WER= 6530.1 
YAW-0 
-0 
WER= 10.2991 
QH= 0 
Q = O  
Y -27531.7 

ZDOT- -673519 

.,THR= 0 
EXX= -737728 
JYAW 209.934 
VEL= 1.66692 
FtPER= 6530.15 
YAW-0 
vIMF= 0 
WER= 10.2991 



cApEp-.996793 vLos= 0 MACH= 0 
PATK= 0 mTK= 0 ATAK= 0 
Qu?= 0 TAN-173.22 X 131392.7 
Z = 2242.65 X W k  1.36716 yDcrr---.686308 

RIMp=O T P - O  LATI=O lXNI=O 
vILI=O mm=O 
AUG 17 1974 HOUR 11 MIN 40 SEC 0 
STEP- 27 
TIMEF 24000 
W O  
INCLF 25.9885 
RAD1 = 41694.9 
ELEV-23.8597 
TAU = 651.656 
HAP@ 36888.6 
P r n  0 
cApE=-.962237 
PATK= 0 
QALF= 0 
2 = 3027.7 

FUXP=O T m - 0  
vILI=O mm=o 

A L P  35080.8 
A m  0 
DE+ 215.962 
LAT = 4.16423 
AZm 64.3243 

VE = 1.86804 
Hl?ER= 152.044 
MwT=O 
Ws= 0 
mTK= 0 
TAN-170.609 
xDcTr= 1.56311 

LATI=O LQNI=O 

AUG 17 1974 HCUR 12 MIN 0 SFC 0 
STEP= 28 
TIME= 25200 
P O  
I"CI= 25.9884 
RAD1 = 40717.2 
ELEv--29.0489 
TAU = 651.658 
HAP@ 36888.6 
PDoT= 0 
CAPE+-.926272 
PATK= 0 
-0 
Z = 3788.67 

RIMp--o TIMP=O 
vILI=O ELl=o 

XT= 34110.4 
A Q ( B = O  
WFF 215.961 
LAT = 5.33901 
AZIM= 64.5286 

VE = 1.88297 
152.093 

YDCYI=O 
Ws= 0 
YAW= 0 
T e 1 6 7 . 8 8 8  
X M k  1.75872 

LATI=O E N = O  

RANG= 9351.5 
A= 24898.5 
~ ~ ~ ~ 4 7 9 . 8 5 2  
I X X G  84.0841 
RP90= 43266.7 
PITCH= 0 
WDCYJ+O 
V?PO= 1.55442 
MACH= 0 
ATAK= 0 

X -29634.4 
YlXYT=-.501195 

RANGr 9070.24 
A= 24898.5 
-179.852 
XNG= 81.5334 
l?APO= 43266.8 
PITCH= 0 
-0 
W@O= 1.55443 
MACH= 0 
ATAK= 0 

YDOT=-. 30018 
X -27641.4 

QH= 0 
Q = O  
Y -28459.7 

Z D O P  .662183 

THR= 0 
ECC= .737727 
MAN= 220.984 
VEL= 1.76375 
PER= 6530.2 
Y Z A W O  
vIMF= 0 
WER= 10.299 
QH= 0 
Q = O  

Y -29173.6 
ZDOP -645233 

THF+ 0 
Ecc= .737725 
M?N= 232.033 
VEX,= 1.88944 
WER= 6530.25 
YAW0 
vIMF= 0 
WEB= 10.299 
QH= 0 
Q = O  

Y -29656.2 
m- .621911 

AUG 17 1974 HCUR 12 MIN 20 SEC 0 
STEP;: 29 
TIME+ 26400 ZXLF 32891.9 RANG 8806.93 THII= 0 



m6 
INL= 25.9882 
RAD1 = 39489.4 
ELEv=-33.5766 
TAU = 651.661 
HAPO= 36888.7 
PDOT- 0 
CAPE=-.889546 
PAX= 0 
-== 0 
Z = 4517.29 

AcxB=O 
NODE= 215.961 
LAT = 6.56857 
A Z W  64.7996 

VE = 1.88297 
WE% 152.139 
Y D O P O  
ms= 0 
mTK= 0 
TAN-165.015 
XNIP 1.95527 

A= 24898.6 
AFGP=--179.852 
LCNG= 79.1302 
RApo= 43266.9 
PITCH= 0 
m- 0 
vApo= 1.55443 
MACH= 0 
ATM= 0 

X -25413.1 
yDoT=-.079459 

RIMP-0 TIMP-O LATI=O m = O  
vILI=o mm=o 
AUG 17 1974 HOUR 12 MIN 40 SEC 0 
STEP= 30 
TIME= 27600 ALT= 31412.8 8567.95 
W T = O  A- 0 A= 24898.7 
IN- 25.9879 WE+ 215.961 ARB-179.853 
RAD1 = 37999.1 LAT = 7.87082 KNG= 76.9279 
ELGv-37.4512 A Z W  65.1532 RApo= 43267. 
TAU = 651.664 VE; = 1.99424 PITCH= 0 
HAPO= 36888.9 WET+ 152.179 FsDoT= 0 
PDoT= 0 m- 0 VWO= 1.55443 
cApW.852755 V.UX+ 0 MACH= 0 
PAW= 0 mTK= 0 ATAK= 0 
QALF= 0 TAW-161. 936 X -22947.9 
Z = 5203.59 m- 2.15392 YDOP .166088 

Ecc= .737724 
MAN= 243.083 
VEL= 2.0442 
W e -  6530.3 
Y A W 0  
vIMF=O 
WEB? 10.299 
QH= 0 
Q = O  
Y -29886.2 
zDoT= .591078 

T m  0 

MAN= 254.132 
VEL= 2.22948 
RPER= 6530.34 
YAW0 
-0 
VPER= 10.2989 
QH= 0 
Q = O  
Y -29837. 

ZDoP -551051 

EKX+ .737723 

RIMp=O TW-0 WI=O ==(I 
vILI=o mm=o 
AUG 17 1974 HCUR 13 J!4IN 0 SEC 0 
STEP= 31 

'.. 


